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ON SILVER FORMANILIDE.* 

Bt W. J. COMSTOCE and FELIX ELEEBEBO. 

That acid anaUdes can form salts with metals was first 
shown by Hofmann f in 1865, when he succeeded in preparing 
the sodium salt of f oimanilide. Salts of acid amides with the 
heavy metals had been prepared previously, and since that 
time numerous investigators have had occasion to work with 
similar compounds. Bunge } first prepared sodium acetanilide 
by acting with metallic sodiimi on the hot solution of acetani- 
lide in xylene, and in the same paper states that he was unable 
to prepare silver salts of either form, or acetanilide. Hepp's 
well-known synthesis of mono-methyl aniline from sodium 
acetanilide shows that the structure of this salt is 

Although Tobias § was unable to obtain methyl formanilide 
from sodium formanilide, it has since been shown by Norton 
and Livermore, || as well as by Pictet and Cr^pieux,^ that this 
synthesis is possible, so that in this latter salt as well sodium 
is united with the nitrogen. In the group of analogous thio- 
anilides, which differ from the ordinary acid amlides in that 
they are readily soluble in cold dilute alkalies, another struc- 
ture must be assumed for the sodium salts. Wallach ** showed 
that the sodium salt of thiacetanilide does not give the normal 

ethyl-thiacetanilLde, CeH^<Q^Q^, by treatment with ethyl 

SC H 
bromide, but that an isomeric compound, GeHsN=C<Qjg *' 

• Amer. Chem. Jour., zii, No. 7. t BerL Akad. Ber., 1866, 660. 

t Ann. Chem. (Liebig), SappL rii, 122. $ Ber. d. chem. Ges., xt, 2462. 

I Ibid., zx, 227a t Ibid., zzi, 1106. 
•• Ibid., zi, 1600. 
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4 ON SILVER FORMANILIDE. 

which he called ethyl-iso-thiacetanilide, is formed. Since then 
the investigation of similar thio-anilides has led to the conclu- 
sion that in the sodium salts of bodies of this class the metal 
is united with sulphur rather than with nitrogen. 

Notwithstanding the failure of Bunge to obtain a silver salt 
of f ormanilide, it can be prepared in quantity with no more 
inconvenience than attends the preparation of other amorphous 
silver salts that are sensitive to light. 

An investigation of this salt has led us to the interesting 
result that, although in sodium formaniMe the metal is, as 
mentioned above, united with nitrogen, to the silver salt must 

be assigned the structure CeHgN : G<^ ^. If silver form- 

amlide and methyl iodide are allowed to react in molecular 
proportions, silver iodide is formed together with a compound, 
the analysis of which gave results agreeing with f ormyl-mono- 
methyl-aniline, but whose properties and decompositions are 
entirely different. The boiling-point and the characteristic 
odor show at once that the body is not f ormyl-mono-methyl- 
aniline. With aniline the new compound reacts according to 
the equation 

CsH^O + CeHgNH, = CuHwNg + CH.OH, 

and the compound, GuHiaNi, is the well-known diphenyl-f orm* 
amidine, 

the structure of which can be regarded as settled. This re- 
action and the formation of the new compound from silver 
f ormanilide show beyond doubt that its structure is 



C,H.N=C<g'^«; 



we shall speak of it hereafter as methyl-iso-formaniMe, in 
conformity with the nomenclature adopted by Wallach for the 
corresponding thio-compounds, or as phenyl-formimido-methyl 
ether, on account of its analogy to the imido-ethers of Pinner. 
Below are given the details of the reaction. It is our intention 
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ON SILVER FORMANILIDE. 5 

to give a more complete study of this class of compounds at a 
future date, the object of this paper being to call attention to 
the behavior of silver f ormanilide, and the connection of our 
results with the question of the constitution of compounds 

n^r.^\r.\^» *\.^ r^r^r. NH-CO ^^ N=C.OH 

containing tne group ■ I ^ I I 

Compounds of this nature received a great deal of attention 
during the few years succeeding the publication by Baeyer and 
Oekonomedes * of their work on isatine. Essentially the same 
question had previously come up regarding cyanic and cyan- 
uric acids, and the method of attacking the problem was the 
same, i. e. to study the ethers. If the ether contained the 
alkyl group attached to oxygen, it was regarded as proof 

N^C OH 
that the original compound contained the group ■ V ' , 

while the other arrangement of atoms (now frequently spoken 
of as the tautomeric form) was assumed when the ether con- 
tained the alkyl attached to nitrogeiu This led to the adoption 
of formulae containing the two different groups for compounds 
in which the same arrangement might well have been expected. 

For example, isatine was a lactim having the group | y , 

and oxindol was a lactam with the group . | ; carbo- 

styril was a lactim, while oxypyridine and hydrocarbostyril 
were lactams. In preparing the ethers the silver salts were 
sometimes used ; frequently the alkyl halide was made to act 
on the sodium or potassium salt in alcoholic solution. It 
was supposed that the result would be the same whichever of 
these two methods was used. Friedlander,t in collaboration 
with Weinberg and afterwards with Mtiller, showed that, 
according to the metiiod adopted, the lactam-ether (Fig. I) 
or the lactim-ether (Fig. II) could be prepared from car- 
bostyriL 

« Ber. d. chem. Ges., zr, 2098. 
t Ibid., zriil, 1628, and xz, 2009. 
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6 ON SILVER FORMANILIDE. 

I. n. 

CH, 

CeH/ ^CO C,H4^ ^COCHs 

\ .CH \ (Jh 

H 

Friedlander suggested that other compounds may show 
a similar behavior. In looking oyer the literature up to that 
date, it is interesting and suggestive to see how the conclusions 
as to the structure of these compounds depended entirely on 
the method used in preparing the ethers. Isatine*, isatoxime,t 
and carbostyril were lactims ; their ethers were prepared from 
the silver salts. 7-0xyquinaldine4 oxynicotinic acid,§ pseudo- 
lutidostyril,|| and oxindol^ all gave ethers in which the alkyl 
group was joined to nitrogen ; their ethers were prepared by 
the action of the alkyl halide and sodium alcoholate or an 
alcoholic solution of potassium hydroxide. It is especially 
interesting that ethyl-pseudoisatine-a-ethoxim,** from which 
Baeyer made ethyl-pseudoisatine, 

C0H4/ >C0, 

was prepared with sodium alcoholate and ethyl iodide. 

In this connection an experiment which we recently made 
is worth mentioning, though only indirectly bearing on the 
rest of this paper. Isatine was boiled in alcoholic solution 
with ethyl iodide and the theoretical quantity of sodium 
alcoholate for two hours. On boiling off the greater part of 
the alcohol and adding water, a dark resinous product sep- 
arated ; this product gave, after shaking out with ether and 
evaporating the ether, a well-ciystallized body, but mixed 

* Baejer and Oekonomedes, Ber. d. chem. Ges., zy, 2093. 

t Baeyer and Cometock, n>id., xti, 1704. 

} Knorr and Antrick, n)id., xvii, 2S70. 

§ ▼• Fechmann, Ibid., zriii, 817, and xrii, 2890. 

il HantzBch, Ibid., xyii, 290a 

ir Ibid., xvi, 1704. •• Baeyer, Ibid., xvi. 218a 
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ON SILVER FORMANILIDE. 7 

with a considerable quantity of the resinous material It -was, 
however, easily purified by eiystallizing from boiling water. 
After a second recrystallization it fused at 95°. The com- 
pound corresponds exactly to the description of ethyl-pseudo- 
isatine. It dissolves in dilute potassium hydroxide giving a 
light yellow solution, from which it is precipitated at once 
unaltered on the addition of an acid. The compound, 

CeH4<g^0C.H., 

corresponding to the methyl ether obtained by Baeyer and 
Oekonomedes from the silver salt of isatine, should regenerate 
isatine under these conditions. We have no intention of 
entering into a discussion of the *^ tautomerism '^ of the 
groups CO— NH, HO.C=N, but would call attention to the 
fact that it is the tendency of a silver atom entering into such 
a compound to give it the form C.OH=N, even where the 
alkali salts are derived from the lactam form GO— NH. 

One compound in which the group GO— NAg has been 
hitherto regarded as existing beyond question, has interested 
us on account of the iodine compound made from it: silver 
succinimide. We shall describe later on the action of iodine 
on silver formanilide, and the formation of the compound 
C^NOI, whose only analogue known thus far (at least as 
far as its formation is concerned) seems to be Bunge's* 
" iodo-succinimide," prepared by acting with iodine on silver 
succinimide. The formation of the compound G^H^NOI at 
ordinary temperature from silver formanilide makes it prob- 

able that the compound has the structure CeHgN'=C<Qj. 

The formation of iodo-succinimide under the same conditions 
led us to the idea that both iodo- and silver succinimide might 
be derivatives of the form 

CHjC.OH 
« Ann. Chem. (Liebig), Snppl. yii, 110. 
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8 ON SILVER FORMANILIDE. 

The experimental verification of this did not, however, work 
as smoothly as we had hoped. The results will be published 
at a later date. 

Silver Formanilide. — This salt can be prepared by dissolv- 
ing the sodium salt in alcohol of about 50 per cent, and 
gradually adding the theoretical quantity of silver nitrate, also 
in dilute alcoholic solution, stirring the solution well mean- 
while. After the silver nitrate solution is all added it is 
advantageous to add more water and wash partiy by decanta- 
tion. The salt is white when first precipitated, but by the 
time it has been washed and dried it always has a gray color, 
light or dark according to the time used and its exposure to 
Ught. It is amorphous. A quicker method of preparing it 
is to dissolve the theoretical quantities of formanilide and 
silver nitrate in dilute alcohol, adding gradually the theoreti- 
cal quantity of pure sodium hydroxide with constEmt stirring, 
and washing with water as in the other method. At ordinary 
temperature the salt is quite stable. Unless great care is used 
to avoid an excess of the alkali and to use pure alkali, the 
purity of the salt suffers. 

A silver determination gave Ag = 47.89 per cent ; calculated 

for CoH5=NC<^^^, Ag = 47.37 per cent. 

Methi/l-isa-formanilide. — When silver formanilide is treated 
with methyl iodide in molecular proportion, the iodide being 
diluted with a small quantity of perfectiy dry ether, a thick 
paste is formed, or indeed, where the quantity of ether used is 
small, the liquid is entirely absorbed by a part of the salt 
while the rest looks perfectiy dry. On standing for a time 
at ordinary temperature the appearance of the mixture grad- 
ually changes ; it becomes more fluid, and after 24 hours the 
formation of silver iodide seems to be complete. When large 
quantities are used the reaction is accompanied by evolution 
of heat, sufficient to make the ether boil. More ether is now 
added and the liquid filtered from silver iodide. After boiling 
off the ether a heavy oil is obtained, the greater part of which 
boils from 195^-200°, and on redistilling, a colorless product, 
boiling at 196°-198% results. 
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ON SILVER FORMANILIDE. 



Analysis showed the composition CgH^NO. 



OalenlAted for 
CsH^NO. 



Found. 

C 71.11 71.39 

H 6.66 6.89 

Sr 10.37 10.41 

Ab to the stractute of this compound there can be no 
question ; it is lepiesented by the formula 

The tendency of methyl-iso-formanilide to form diphenyl 
f onnamidine is marked ; it is analogous to the behavior of the 
imido-ethers and the iso-thio-anilides. When mixed with ani- 
line in molecular proportions, the mixture warms up and finally 
becomes solid. The amidine was purified by reciystallization 
from alcohoL 

The reaction is 

• CeH»N=C <5hCoH. + CH.OBL 

The same reaction takes place when aniline is added to 
methyl-iso-formanilide in the presence of a large quantity of 
water. A dilute solution of aniline hydrochloride converts it 
at once into the hydrochloric acid salt of diphenyl-f ormamidine. 
For the preparation of the amidine the addition of aniline is 
not necessary. If hydrochloric acid, strong or dilute, is added 
to methyl-iso-formanilide, diphenyl-f ormamidine hydrochloride 
is formed at once. This is easily understood in the light of 
the former reactions. The reaction takes place in two phases. 
The first change is represented by the equation, 

CeH;if=C <2^^* + H,0 + HCl = CoH»NH,HC!l + HCOOCH, ; 

and, second, the aniline hydrochloride formed acts at once on 
unaltered methyl-iso-formanilide. In the first phase the reac- 
tion is exactly analogous to the behavior of benzylidene-ani- 
line, C^H^CH=NG0Hg, on treatment with acids. The formation 
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10 ON SILVER FORMANILIDE. 

of the amidine also tEikes place, though slowly, on exposing 
the iso-formanilide to moist air. In all cases the diphenyl- 
foimamidine melted at 187^-138° after reciystallizing from 
alcohoL 

Cftleolatod for «,»^ 

C 79.60 79.82 

H 6.12 6.16 

N 14.28 13.94 

Analysis, a comparison of the compound with diphenyl-f orm- 
amidine prepared by other methods, and the splitting off of 
aniline * by boiling with dilute alcohol, serve to establish the 
identity of the compound beyond question. 

Action of Iodine on Silver Formanilide. — When the finely 
pulverized silver salt is mixed with dry chloroform and one 
molecule iodine is added, the formation of silver iodide begins 
at once. If the iodine is dissolved in chloroform before it is 
added, the reaction takes place rapidly at ordinary temperature ; 
but no harm is done by warming on the water-bath. In tak- 
ing molecule for molecule of the silver salt and iodine, the 
chloroform solution retains the iodine color, but on adding an 
excess of silver salt it is colored amber-yellow. After filter- 
ing from the silver iodide the solution is concentrated, first on 
the water-bath, finally at ordinary temperature, by passing a 
current of dry air over it until quite a quantity of light 
yellow crystals has separated. These are washed with dry 
ether to free them from the mothei^liquor and from a small 
quantity of reddish oil. The new compound can be recrys- 
tallized from ether or chloroform, but unless great care is 
taken to work quickly and avoid moisture there is a separa- 
tion of iodine. Dry ether or pure acetone can be used in 
place of chloroform in making the reaction, but we obtained a 
better yield in using chloroform and working with small quan- 
tities. The best yield was 2.7 g. from 5 g. silver salt. On 
heating the compound decomposes with separation of iodine ; 
the separation is less, the more slowly it is heated. After 

* Ber. d. chem. Ges., zr, 246a 
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keeping for a time it also smells strongly of iodine, and iodine 
crystals can be observed. An iodine estimation gave 60.27 
per cent iodine. The theory for CTHeNO Irequires 51.42 per 
cent iodine. The iodine detennination shows clearly that the 
compound is derived from silver formanilide, by the introduc- 
tion of one atom of iodine in the place of silver. Bunge has 
shown that iodine does not react with sodium formanilide, in 
which the metal is united with nitrogen. 

We have shown that in silver formanilide the metal is 
attached to oxygen. The ready formation of the new 
compound from silver formanilide at ordinary temperature, 
together with Bunge's observation, seem to warrant our 
conclusion that its structure is represented by the formula 

Perhaps the best name that can be given to it is iodo-iso- 
formanilide. lodo-iso-formanilide is decomposed by water, 
but we have not attempted to study the products. No 
definite melting-point can be given. When slowly heated 
the separation of iodine is not large, and the contents of 
the tube are melted at about 110"', but in this case a second 
compound, the result of molecular rearrangement, is formed. 

ParOriodo-farmanilide. — After heating iodo-iso-f ormanilide 
slowly and keeping the temperature for a few minutes at US'*, 
then crystallizing from water, we obtained this second body 
in fine white transparent needles melting at 109^-110^. An 
iodine estimation gave 51.13 per cent iodine. 

The theory for CtH«NOI requires 51.42 per cent. This 
same rearrangement can be effected by heating iodo-iso- 
formanilide for a few minutes with formic acid; indeed, 
on addiog formic acid it dissolves, heat is evolved, and the 
new compound needs only to be crystallized from water. 
The new body is para-iodo-formanilide. To prove its iden- 
tity we prepared para-iodo-aniline by the method described by 
Michael and Norton,* and made the formyl compound. By 
boiling j>-iodo-aniline with a slight excess of formic acid for a 
« Ber. d. chem. Ges., xi, 106. 
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few minutes, boiling off the excess of acid and crystallizing 
from hot water, we obtained the foimyl compound in long 
needles exactly like those obtained from iodo-iso-foimanilide. 



Fomd. 



Oalonlatod for 
GsH«LNHGH0. 

Iodine • . • . 61.42 61.77 



It dissolves easily in alcohol, methyl alcohol, acetone, ether, 
chloroform and benzene, with difficulty in cold water, more 
readily in hot water. The melting-point remained constant 
after repeated recrystallizations from water at 108°-109®. 

This formation of para-iodo-f ormanilide from iodo-iso-f orman- 
ilide suggests the reaction which Bender described.* From a 
compound whose structure Bender considered to be 

he obtained by molecular rearrangement |>-chlor-acetanilide. 

Our conclusion as to the structure of iodo-iso-formanilide 
suggested a re-examination of a number of compounds in 
which it has been supposed that the halogen is united to 
nitrogen. The work is now under way in this laboratory, 
and the results will be communicated later. 

Formation of Carhanilide. — On dry distillation of silver 
formanilide a solid ciystallized compound is formed. This 
is easily separated from the oily products by washing with 
alcohol, and can be obtained pure by recrystallizing from 
alcohol. It turned out to be 8-diphenyl-urea. 

Oftleolated for «um.ji 

C 73.69 73.32 

H 6.66 6.00 

N 13.20 13.43 

It fused at 281^-288^, corresponding exactly to a specimen 
of diphenyl-urea prepared according to WeitLf We also con- 
verted some of the diphenyl-urea, obtained from silver f orman- 

« Ber. d. chem. Gee., zix, 227a t Ibid., ix, 82L 
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ilide, into triphenyl-guanidine, which melted at 144^, so that 
its identity is certain. The reaction by which it is formed can 
be formulated: 

2C,H^=C<g^ = 2Ag + CO + CO<ggg^. 

That carbon monoxide is formed we proved in the custom- 
ary way. The formation of disubstituted ureas from silver 
salts of the formyl compounds seems to be generaL On dis- 
tilling silver f orm-para-toluide, and reciystaUizing the product 
from alcohol, we obtained diparartolyl-urea melting at 255^. 

Oaloolated f or 

C 76.00 74.77 

H 6.67 6.77 

N 11.66 11.63 

SBB*rau> LiBOBAiosT, Niw Hatht. 
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RESEARCHES ON THE ISO-ANILIDES.* 

Bt W. J. COMSTOCK ahd H. L. WHEELER. 

Ik the first part of this paper we shall describe experiments 
which show that the sodixun and silver salts of f onn-o^naphthsr 
Me and of metanitro-formanilide show, in their behavior 
towards methyl iodide, the same difference that has been fonnd 
in the salts of other aromatic f ormyl compounds. The second 
part contains a description of experiments made with the iso- 
anilides, showing that they react with secondary amines, both 
fatty and aromatic, and with cyan-amide. 

Grattermann f made the interesting observation that nitro- 
pararacetoluide occurs in two modifications, and suggested the 
possibility that these two modifications might correspond to 
the forms containing the two groups— N=C(OH)— and— NH— 
GO—. It seemed possible that in the case of nitro-formanilide 
— whose salts behave towards methyl iodide as if they had 
the structures — NNa— CO— and — N=C(OAg) respectively — 
these two modifications might be obtained by decomposing 
the salts. But we were able to obtain but a single modifica- 
tion of the metanitro-formanilide in this way. The decom- 
position of both salts by dry hydrochloric acid in presence of 
dry ether and in presence of dry chloroform ; the decomposi- 
tion of the silver salt by dry hydrogen sulphide in presence of 
dry ether; and the decomposition of the sodium salt by moist 
carbonic acid in presence of ether, — all gave products having 
the same melting-point. In each case, on evaporating the 
solution at ordinary temperature, the crystals had exactly the 
same appearance under the microscope, consisting of tufts of 
extremely fine, hair-Uke, bent needles. Under these condi- 

* Amer. Chem. Jour., ziii. No. 8. t Ber. d. chem. Qes^ xziii, 1733. 
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tions we could not, howeyer, obtain ciystals that were fitted 
for ciystallographical or optical examination. 

Silver Salt of FonnrOrnapJuhalide. — Piepared by adding 
gradually the tlieoretical quantity of sUver nitrate in 50 per 
cent alcoholic solution to the aqueous alcoholic solution of 
sodium hydroxide and the f ormyl compound. The silver salt 
separates as a voluminous gray precipitate, amorphous and 
sensitive to lights insoluble in water. 

Found. Oatoilated. 

Ag 39.14 38.84 

MethifJri$(hFomira'naphthalide. — Prepared by treating the 
dry silver salt with methyl iodide in presence of dry ether, 
this compound is obtained as a heavy oil, having a strongly 
fishy odor, and boiling at ordinary pressure, vntii noticeable 
decomposition at 806''-808''. 

Foond. OriiCTilated. 

C 77.8 77.7 

H 6.9 6.0 

It shows the same behavior towards water, dilute acids, and 
primary amines that methyl-iso-f ormanilide does. 

I>irar^naphthylrformamidine. — Formed by treating the above- 
described ether with o-naphthylamine, and recrystaUizing from 
hot benzene. It forms colorless plates, which melt at 199°, 
and are moderately soluble in alcohol, ether, and benzene, 
insoluble in ligroin. Does not dissolve in cold, dilute mineral 
acids. 



C 85.2 85.1 

H 5.6 5.4 

N 9.4 9.6 

Phentflra-naphthifl-formamidinej prepared by treating methyl- 
iso-f orm-o^naphthalide with aniline, is purified by dissolving 
in benzene and precipitating with ligroin. Its melting-point 
is 142''. It IB soluble in alcohol, ether, and benzene, difficultly 
soluble in ligroin. 
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16 RESEARCHES ON THE ISO-ANILIDES. 



83.3 82.9 

H 6.8 6.7 

N 11.3 11.4 

The basic properties are much more strongly marked than 
in the case of the dinaphthyl-emidine. 

The reaction of methyl iodide with the sodium salt of 
form-a-naphthalide is not a satis&otory operation, owing to 
the properties of the methyl-naphthyl-amine. However, fay 
Hepp's method, we obtained the base corresponding to that 
described by Landshoff.* An attempt to purify it by means 
of the nitrosamine was a &dlure, as nitsrous acid seemed to 
have a more complicated action, and left a most uninteresting 
resinous product. However, fay means of the acetyl compound 
described by Landshoff, we were able to identify the secondaiy 
amine. 

Metor^itroifarmamlide. — This is easily prepared by boiling 
meta-nitraniline with an excess of pure formic acid, adding 
water and recrystallizing from hot water, alcohol, or benzene. 
It melts at 134^. It is soluble in hot water, alcohol, and 
benzene ; difficultly soluble in ether and ligroin. 

Foond. Caloolatod. 

C 60.6 50.6 

H 3.9 3.6 

Sodium Meta-nttrO'formanUide. — To prepare the sodium 
salt, the best method is to dissolve the theoretical quantity 
of sodium in the smallest possible quantity of pure, diy 
methyl alcohol, and add it to the f ormyl body, which has been 
moistened to a paste with methyl alcohol. The lemon-yellow 
salt which is formed is readily soluble in methyl alcohol, and 
should be washed thoroughly with dry ether. A sodium 
estimation in the salt thus prepared gave Na = 12.1 per cent 
(calculated, Na = 12.2 per cent). Exposed to the air, the salt 
gradually absorbs carbonic acid, and is finally completely con- 
verted into sodium carbonate and the f ormyl compound. If 

• Ber. d. chem. Qes., xi, 688. 
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in preparing the sodium salt the methyl alcohol is not thor- 
oughly washed out by ether, the lemon-yellow salt gradually 
changes into a mass of orange-colored needles, which, dried 
over sulphuric acid, gave Na =: 10.1 per cent. The theoretical 
percentage for the sodium salt with 1 molecule of CHaOH is 
Na = 10.45. The same orange-colored needles are obtained 
when the alcoholic solution is concentrated. On adding 
water to the alcoholic solu^on of the salt, the free formyl 
compound is precipitated. 

Aetion of Methyl Iodide on the Sodium Salt — Methyl iodide 
reacts but slowly with the sodium salt when warmed on the 
water-bath in a flask fitted with an inverted condenser; 
nevertheless the reaction can be made to take place in this 
way if the heating be continued for some days, care being 
taken to exclude moisture and carbonic acid. 

The reaction is finished when a specimen of the mixture no 
longer shows an alkaline reaction. The reaction takes place 
in a very few hours when conducted in a sealed tube at 100^. 
In either case, by crystallizing from alcohol, the nitro-formyl- 
methyl-aniline can be obtained in long needles, having a slight 
yellowish tinge and melting at 70° -71**. 



Found. 

C 53.0 53.3 

H 4.6 4.4 

The meta-nitro-monomethyl-aniline prepared from the pure 
formyl compound melted at 67°, and the nitrosamine, which 
we obtained perfectly white, melted at 76°. Nolting and 
Strieker * gave 65°-66° and 68°-70° as the melting-points of 
these two compounds. 

Silver Meta-mtro-formanUide. — The silver salt can be 
prepared in aqueous-alcoholic solution in the same manner as 
silver formanilide. It is amorphous, and, when first precipi- 
tated, colorless. It can be washed with hot water. 

Found. Caloolatad. 

Ag 39.8 39.3 



* Ber. d. chem. Ges., zix, 548. 
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18 RESEARCHES ON THE ISO-ANILIDES. 

Metarmtro-methf/ldso-farmanilide is prepared by treating the 
dry silver salt with methyl iodide diluted witi ether. On 
fractioning at a pressure of 21 mm., the iso-aniUde was obtained, 
boiling at 172**-178** ; temperature of bath, 190**. The com- 
pound solidifies in the receiver to amass of long, slender, 
light-yellow needles, melting at 46®. 



OaloolJited. 

53.5 63.3 

H 45 4.4 

N 15.8 15.6 

The ether reacts with primary amines, as do the others thus 
far described, but the tendency to form the amidine in presence 
of water is not so marked as in the case of the non-substituted 
iso-anilides. Treated with dilute hydrochloric acid, for in- 
stance, the salt of meta-nitraniline is obtained at once. 

mnitro-diphenyUforTmmidim.CH'^^^ .—A mix- 

^NH» O^H^»NO^ 

ture of the theoretical quantities of the iso-anilide and meta- 
nitraniline, heated up slowly on a bath, remained liquid from 
60° to about 110**, at which temperature the mass became 
solid. On recrystallizing from alcohol, the amidine was 
obtained in small yellow hair-like needles, melting at 195°- 
196°. A combustion of the substance dried at 1&0° gave the 
following results : 

Foimd. OalcoUtod. 

C 54.9 54.5 

H 3.6 3.5 

The compound is soluble in alcohol, ether, chloroform, and 
acetone ; insoluble in ligroin. 

Mono-nitro-diphenylifarmamidine, OH^^'^*^*'^^K On 

adding the theoretical quantity of aniline to the fused ether, 
the mixture solidifies in a few minutes, and when crystallized 
from absolute alcohol the amidine is obtained in long yellow 
prisms which melted at 146**. 
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FomuL Cftlealated. 

C 64.8 64.7 

H 4.7 4.6 

The following experiments will serve to show that the iso- 
anilides react with secondaiy amines, fatty and aromatic, 
forming trinsubstitated amidines: 

JHethtflrphenyl-forrnamidinej CH^'^*^^ . — A mixture of 

methyl-iso-foimanilide and a slight excess of diethyl-amine 
was boiled in a flask fitted with an inverted condenser 
for about two hours, and then distilled at oidinaiy pressure. 
Practically the entire quantity came over between 265'' and 
276®. On redistilling, a nearly colorless oil was obtained, 
boiling at 278^-275°. There was, however, a noticeable 
decomposition, and the compound had a strongly alkaline 
odor. Converted into the gold double-salt and recovered, 
the amidine is colorless and odorless. The gold double- 
salt is difficultly soluble in water, easily soluble in alcohol, 
and crystallizes in small lemon-yellow plates when water is 
added to the alcoholic solution; the plates melt at 147"". 
After drying over sulphuric acid in vaouoy its analysis gave 
the following results: 

Caloulated f or 

C 26.9 26.6 

H 3.6 3.3 

N 5.4 6.4 

Au(=196.6) . 37.9 38.1 

MethyUdiphenyliformamidiney CH^ ' ^^ . — A mixture 

of monomethyl-aniUne and methyl-iso-formanilide was allowed 
to stand at ordinary temperature for some days, and, after 
having been warmed on the water-bath a short time, was dis- 
tilled under diminished pressure: an excellent yield of the 
ftTniilinfl was obtained. The substance is a heavy yellowish 
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oil, boiling at 214'' under 22 mm. pleasure; tempeiatoie of 
bath, 260^ 



c . . 


. . . 79.6 


80.0 


H . . 


. . . 6.7 


6.7 


N . . 


. . . 13.6 


13.3 



The gold doubleHsudt is difficultly soluble in T^ater, and when 
water is added to the alcoholic solution crystallizes in gold- 
colored plates which melt at 145^. A gold estimation in the 
air-dried salt gave Au = 85.7 per cent; calculated for the 
anhydrous salt, Au = 86.7 per cent 

Action of Cyan-amide an the Isihantlides. 

Cyanrphenylformamidinef CH^' j^2i* — When an ethe- 
real solution of cyan-amide and methyl-iso-formanilide is 
allowed to stand at ordinary temperature, it soon begins to 
deposit a crystalline crust, the separation of which is practi- 
cally complete in 24 hours, unless the solution is very dilute. 
The new compound, after washing with ether, can be reciys- 
tallized from hot water or alcohol, in both of which it is quite 
soluble. From alcohol it separates in long, flat, colorless 
prisms; from hot water, in long needles. Its melting-{>oint 
is ISS"". Its analysis corresponds to the formula C,HTNt9 and 
its structure is in all probability represented by the formula 

CHf ^•^•^' . 
\N.H.CN 

Fdnnd. Calantotad. 

66.0 66.2 

H 5.0 4.8 

N 29.0 29.0 

C^anrj>ara'tolyl'farmamidine. — Cyan-cunide reacts with 
methyl-iso-form-para-toluide in ethereal solution in the same 
way that it does with the iso-anilide. Reciystallized from 
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alcohol, the new body is obtained in long, well-developed prisms 
which melt at 176**-177°. 

IVmnd. Oalcolatod. 

C 68.0 67.9 

H 6.7 6.6 

N 26.3 26.4 
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ON THE PREPARATION OF OXYGEN-ETHERS 
OF SUCOINIMIDE FROM ITS SILVER SALT ♦ 

Bt W. J. COMSTOCK and H. L. WHEELER. 

The action of ethyl iodide on silver succinimide has abeady 
been tried by Menschutkin,f as well as by Landsberg, X in the 
course of his extended investigation on the imides of dibasic 
acids. Both investigators state that they obtained only silver 
iodide and regenerated succinimide. Comstock and Kleeberg § 
found that by treating dry silver succinimide with methyl iodide, 
at most a trace of succinimide was regenerated ; but they did 
not obtain the resulting compound in a pure state. That it 
was not the well-known methyl succinimide, %. e,y the nitrogen- 
ether of succinimide, was shown by the fact that it reacted 
with aniline, with the formation of the base to be described 
later. We have taken up the work at this point, and succeeded 
in preparing in a state of purity the ethyl and propyl com- 
pounds resulting from the action of the corresponding iodides 
on silver succinimide. These compounds were found to be 
isomeric with the nitrogen-ethers of succinimide, and have, 
without doubt, the structure 

CH,-CO^ 

We have not attempted to prepare the corresponding 
methyl-derivative, as its boiling-point was found by Kleeberg 
to be too near that of the nitrogen-ether to allow a separation 
by fractional distillation, in case any nitrogen-ether should be 
formed in the reaction. It is absolutely essential in preparing 

* Amer. Chem. Jour., xiii, No. 8. 

t Ann. Chem. (Liebig), cbdi, 170. t Ibid, cczt, 211. 

§ Ber. d. chem. Ges., xxiii, 2274; Amer. Chem. Jour., zii, 493. 
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the oxygen-ethers, to exclude all moisture, even after the 
reaction is oyer, as the pure bodies form succinimide when 
exposed to moist air: 

C4H4N6,R + H,0 = C4H^N0, + ROH. 
This ready formation of succinimide from the oxygen-ethers 
explains Lejidsberg's failure to obtain anything but silver 
iodide and succinimide when he allowed ethyl iodide to act on 
the dry silver salt in presence of dry benzene. We have 
found that the oxygen-ethers are formed in presence of dry 
benzene, ether or chloroform, the last being used in conduct- 
ing the reaction with larger quantities. The formation of the 
oxygen-ether can readily be detected after filtering from the 
silver iodide, by evaporating the solvent and adding a few 
drops of aniline. The base formed has the composition 
CioHjoNsO, and has without doubt the formula 
CH^CO 



CH,C 



>• 



Succinimide is thus placed in the category with formanilide 
and other formyl compounds of primary aromatic amines, 
since it was shown by Landsberg that the alkaline salts give 
the nitrogen-ethers when treated with alkyl iodides. We were 
also able to show that in each case a small quantity of the 
nitrogen-ether had been formed from the silver salt. This 
was done by decomposing the ethers with a solution of potas- 
sium hydroxide, and showing the presence of a primary amine 
by the iso-nitrile reaction. This formation of a small quantity 
of nitrogen-ether from the silver salt renders the assumption 
of a different structure for the sodium and silver salts less 
satisfiictory, as in that case refuge must be taken in the 
assumption of a molecular rearrangement at low temperature. 
We have attempted to find experimental evidence that might 
throw more light on this interesting subject, but as our results 
have been thus far negative, we present the definite experi- 
mental results already obtained and postpone the discussion 
of the theoiy till a future date. 
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Oxygenreihyl Suecinimide. — Silver succinimide dried to a 
constant weight at 100^ was allowed to stand for several 
weeks at ordinaiy temperature with the theoretical quantity 
(1 mol.) of ethyl iodide diluted with two to three times its 
weight of dry chloroform. After filtering off the silver 
iodide and washing with more dry chloroform, the chloroform 
was distilled off on the water-bath, and the dark, oily residue 
distilled under diminished pressure. A second distillation 
yielded the oxygen-ether as a colorless oil, boiling at 144** -146** 
under a pressure of 20 mm., the temperature of the bath 
being 190**. The compound decomposes when boiled at 
ordinaiy pressure, and even at 20 mm. a slight decomposition 
can be noticed. Analysis gave results agreeing with the 
theory. 



Vouiiid* 



Caloalated for 
CANO^ 



C 66.62 66.69 

H 7.11 7.09 

On adding aniline the mixture solidifies at once, and with 
noticeable evolution of heat if more than a few drops are used 
in the reaction. When exposed to moist air the pure ether 
gradually solidifies, forming succinimide, which shows the 
correct melting-point without reciystallization. In order to 
test for the presence of the nitrogen-ether, a small quan- 
tity of the chloroform solution, representing about six to 
eight g. of silver salt freshly filtered from silver iodide, was 
treated with water and allowed to stand several hours after 
vigorous shaking. The chloroform was then distilled off, the 
aqueous solution distilled with potassium hydroxide, and an 
examination for primary amine made in the way described 
under the propyl-ether. The presence of a primary amine 
was shown beyond doubt, therefore some nitrogen-ether had 
been formed in the reaction. If the nitrogen-ether is formed 
by molecular rearrangement from the oxygen-ether, that re- 
arrangement must take place in this case at ordinary tem- 
perature, as the oxygen-ether must have been completely 
converted into succinimide by the action of the water before 
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any heat vraa applied. The nitrogen-ethyl-ether, which was 
prepared for comparison according to Menschutkin, boiled at 
235'' at 763 mm. pressure (Menschutkin gives 234^), and at 
20 mm. showed the boiling-point 122^ ; temperature of bath, 
156^* It does not react with aniline. 

OxygenrpropyUtuednimide. — This was prepared in the 
same way as the corresponding ethyl compound, but the 
reaction took place more slowly. After five weeks the chloro- 
form solution was filtered from the iodide, and it was found 
that a noticeable quantity of silver iodide separated on evapo- 
rating the solution, so that the residue was again taken up in 
chloroform and treated as described under the ethyl-ether. 
At the first distillation it was found that at 19 mm. pressure 
but a few drops came over below 153^, while almost the 
entire quantity boiled between 153^ and 160^. On redistilling, 
the greater part came over at 158^-154^ (pressure, 19 mm. ; 
temperature of bath, lOS""), again leaving a dark residue. 

Analysis gave the following results: 

««,««^ Caloabited for 

'«»«• OtHuNO,. 

C 59.10 59.57 

H 7.96 7.80 

N 10.30 9.92 

The slight variation of our results from the theory would 
indicate the presence of a small quantity of succinimide, but 
as its boiling-point must be very close to that of the ether, a 
separation would hardly be possible, and is indeed not neces- 
sary. Like the corresponding ethyl-ether, it decomposes when 
boiled at ordinary pressure ; gives succinimide when exposed 
to the air, and reacts at once with aniline. As the nitrogen- 
propyl-ether has a lower boiling-point than the oxygen-ether, 
the first portions of the distillate from the impure oxygen-ether 
were examined for the nitrogen-ether. It was impossible, 
from the boiling-points given, that more than a small quantity 
of nitrogen-ether could be present, and this could hardly be 
separated in a pure state. So the first portions of the dis- 
tillate were boiled with a strong solution of potassium hydrox- 
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ide as long as any volatile base came off, the volatile part 
being caught in dilute hydrochloric acid. On evaporating the 
acid solution it was found from its insolubility in cold absolute 
alcohol, that the greater part of the residue consisted of 
ammonium chloride, but that in that portion soluble in alcohol 
we could positively identify propyl-amine by the iso-nitrile 
reaction* Therefore a small quantity of the nitrogen-ether is 
formed together with the oxygen-ether. 

Nkrogevrpropyl-mccinimide, — For comparison we prepared 
this compound by the same method that Menschutkin used in 
making the methyl- and ethyl-compounds — by distilling the 
acid succinate of propyl-amine. We obtained it as a colorless 
oil boiling at 247°-248*' at 768 mm. pressure. When cooled 
in a freezing-mixture it solidifies and shows the melting-point 
15**-16\ It boiled at 186^-187^ at 27 mm. pressure. It 
does not form the base Cj^Hj^yNjO with aniline. A nitrogen 
estimation gave N 9.92 per cent; the theory requires 9.80 
per cent. 

Ba%e CjjjHj^iO. — This base is formed at once, as we have 
before stated, on adding aniline to one of the oxygen-ethers of 
succinimide. If the ether be pure, the resulting base needs 
only to be recrystallized from alcohoL If an impure ether be 
used, the base can be readily purified by dissolving it in cold 
dilute hydrochloric acid, filtering from the dark residue and 
precipitating with ammonia. Its melting-point is 216°. It 
ciystaUizes from hot alcohol, on cooling rapidly, in small, 
transparent quadrilateral plates. Dried at 100"", its analysis 
gave the following results : 

«„_^ Oaloolated for 

C 69.36 68.96 

H 5.79 5.74 

N 16.20 16.09 

The gold double-chloride of the base is precipitated from the 
acid solution on adding gold chloride. When prepared in the 
cold, the double salt forms a voluminous, sulphur-yellow pre- 
cipitate consisting of microscopic needles. When the gold- 
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chloride Bolution is added to the hot acid solution of the base, 
the double salt separates on cooling in gold-yellow prisms. 
The salt should not stand long in contact with the mother- 
liquor ; even when filtered quickly and dried in vacuo over 
sulphuric acid, it turns green on the surface. A gold estima- 
tion gave Au = 88.46 per cent ; calculated for Oi^^^iO. 
HCLAuOU Au (= 196.6) = 88.88. The salt melts with 
decomposition at 170^. 
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ON SOME DERIVATIVES OF AROMATIC FORMYL 
COMPOUNDS.* 

By W. J. COMSTOCK ijro R. E. CLAPP. 

The curiously different behavior of the sodium and silver 
salts of f ormanilide towards methyl iodide, as shown by Com- 
stock and IQeeberg,f is of especial interest as the first case of 
a compound containing the group 

-NH-CO-- [or -N=C(OH)-], 

whose sodium salt yields, under conditions which exclude 
dissociation, the nitrogen-ether, — i. e. formyl-monomethyl- 
aniline, — while the silver salt gives the oxygen-ether — 

i. e., methylriso-f ormanilide, C«H5N=C<q q^ • We have con- 
tinued the experiments in that direction and found that 
f orm-ortho-toluide and form-para-toluide behave in the same 
way : both give silver salts which, on treatment with methyl 
iodide, jrield iso-toluides ; and the sodium salt of each can 
be used for preparing the secondary amine* As a contri- 
bution to our knowledge of the iso-anilides, we have also 
prepared seven higher ethers and found that they give the 
same reactions, — formation of diphenyl-form-amidine by the 
action of aniline, by the action of a dilute acid, and by 
the gradual absorption of water on exposure to the air. We 
have also found, though without purifying and analyzing 
the products, that methyl-iso-formanilide reacts with other 
primary aromatic amines as well as with aniline; and have 
prepared and analyzed the amidines formed by treating it with 
hydroxyl-^unine and benzyl^amine. On decomposing the sil- 
ver salt of form-para-toluide in presence of dry ether with dry 
hydrochloric acid gas or with dry hydrogen sulphide — care 

• Ainer. Chem. Jour., xlii, No. 8. t Ibid., xii, 403. 
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being taken to have the silver salt in excess, — we found, on 
eYapoiating the ether at ordinary temperatnre under diminished 
pressure, that the residue fused at 52°, as did also a specimen 
of pure f orm-para-toluide attached to the same thermometer. 
Nor could we observe, as the compound oiystaUized from 
ether, any difference in crystalline form which could warrant 
the assumption that an isomer had first been formed and 
afterwards transformed during the heating into the more 
stable ordinaiy form-para^toluida This suggests the similar 
behavior of silver benzamide * towards hydrochloric acid and 
hydrogen sulphide ; although with methyl iodide it gives the 

imido-ether CeHe.C^.JL. *. In the case of benzamide, how- 
ever, the sodium salt could not be prepared. In form-para- 
toluide we have therefore a case in which sodium and silver 
salts regenerate the same mother-substance, while they behave 
differently towards methyl iodide. As we have been unable 
to find any expenmental proof, either of the existence in the 
free state of an isomeric f orm-para-toluide, or that in treat- 
ing the salts with iodides anything beyond a direct replace- 
ment of metal by alkyl occurs, the best explanation seems to 
be that the salts have a different structure, while only one 
form of the free formyl compound is capable of existing. 
Possibly in some of the compounds belonging to this class it 
will be found that both forms are capable of existing. 

Derivatives of Form^orthchtolmde and Form-^arortoluide. — 
The silver salts of both these compounds can be made by exactly 
the same method as was used in preparing silver f ormanilide. 
The preparation of the iso-f orm-toluides from the silver salts 
is exactly like the preparation of methyl-iso-f ormanilide, and 
they show the characteristic behavior of the latter compound* 
The two amidines were made from the iso-toluides by the 
action of the corresponding toluidines. 

Silver Formrortho-toluide is amorphous and sensitive to 
light; it is insoluble in cold water. 

* Tafel and Enoch, Ber. d. chem. Get., zziii, 10& 
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Vonnd. Oakolated. 

Ag 44.37 44.63 

Methyl^so-farmrortho^lutde is an aromatic oil boiling at 
211*^-218° at 760 mm, pressure. 

v^_,^ Oakmltttod for 

Foand. C^„NO. 

C 72.42 72.48 

H 7.38 7.38 

N 9.71 9.39 

l>i'0rth0'4olyliforfnamidinej when recrystallized from alcohol, 
melted at ISO"". 

C 80.30 80.36 

H 7.9 7.14 

This compound has already been made by Ladenbuig * and 
by Senier f by other methods. 

Stiver Farmrparortoluide was obtained as a voluminous pre- 
cipitate consisting entirely of small needles, practically insol- 
uble in cold water; sensitive to light. 

Found. Oalcnlated. 

Ag 44.98 44.63 

Methyldaoiform-parchtoluide is an aromatic oil boiling at 
216**-218*' at 761 mm. pressure. 

v^,^ Oftloalatod for 

Foond. C^„NO. 

C 72.44 72.48 

H 7.64 7.38 

N 9.56 9.39 

Dirparartolylfonnamidine^ when purified by crystallization 
from pure benzene — from which it separates in flat, trans- 
parent, colorless prisms of considerable size — melts at IdO"". 



Fomdi 



Calonlated for 
CuHjaNt. 

C 80.46 80^6 

H 7.21 7.14 

N 12.60 12.60 

* Ber, d. chem. Gea., x, 126a t Ibid, xriii, 2294. 
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This amidine was also prepared by Senier.* 

In trying the behavior of the sodium salts of both f ormyl 
compounds towards methyl iodide, we found that the mono- 
methyl-toluidines could be prepared either by following Hepp's 
method for the preparation of monomethyl-aniline, or by using 
sodium methylate and methyl iodide in presence of dry methyl 
alcohoL The yield is better when Hepp's method is fol- 
lowed, in which case benzene can be used in place of xylene, 
although the action of the sodiimi is then much slower. 
The secondary base was, however, in no case obtained abso- 
lutely pure imtil converted into the nitroso-compoimd and 
recovered. Monomethyl-ortho-toluidine boiled at 280**; the 
para-compound at 211*^-212®. 

Ethyl4»o-f(>rmanilide is an aromatic oil boiling at 218**-215° 
at 761 mm. pressure. 

v^^ii 0alcnl«t6d for 

'<'«»*• OA,NO. 

C 72.67 72.48 

H 7.60 7.38 

PropyU%0'formaniUde boils at 2S8**-285** at 760 mm. pres- 
sure. 

m^,,j Oaloalatod for 

'°™*' 0»HttNO. 

C 73.39 73.62 

H 8.24 7.98 

Both of these ethers react, as^ before stated, exactly like the 
methyl-ether. 

Phenyliemyl-formamidine. — Benzyl-amine and methyl-iso- 
formanilide react slowly in the cold when mixed in molecular 
proportions. The solid crystalline product, after being pressed 
free from a small quantity of oil, can be recrystallized by dis- 
solving in strong alcohol and adding water until a permanent 
turbidity results. The base comes down oily at first, but 
gradually solidifies, forming colorless, transparent, fiat prisms, 
melting at SO"" 



10 



9^„^ Oabmlatod for 

C 80.16 80.00 

H 6.72 6.66 

♦ Loc. dt 
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Action of Hydroxylramine on Methyl-uo-formanUide. — On 
adding methyl-iso-fonnanilide to an aqueous-alcoholic solution 
of hydroxyl-amine hydrochloride, a white solid body separates 
at once. This substance dissolved in dilute alcohol gave on 
the addition of ammonia a precipitate consisting of small white 
scales which fused at 130^-181''. From the method of forma- 
tion the compound is probably phenyl-methenyl-oxamidine of 

the structure C^3N=C <2^ qH' ^ combustion gave results 

agreeing with this formula. 

«L_-4 Caleulatod for 

C 61.71 61.76 

H 6.17 6.88 

Formation of Dirortho4oltfl^rea. — On distilling dry silver 
f orm-ortho-toluide, and recrystallizing the distillate from abso- 
lute alcohol, the urea fusing at 247'' was obtained. 



7487 76.00 

H 6.68 6.67 



Digitized by 



Google 



ON HALOGEN ADDITION-PRODUCTS OF THE 
ANILIDES.* 

[second paper.] 

Bt H. L. WHEELEB Ain> P. T. WALDEN. 

A PBELDdNABY notice was recently given by one of us 
(Wheeler) on halogen addition-products of the anilides-f In 
the case of metanitroacetanilide products were prepared which 
contained bromine in various proportions, but, under certain 
conditions, the total bromine approximated to that calculated 
for a dibromine addition-product. These products have now 
been thoroughly reinvestigated and it has been found that, 
besides free bromine, they contain hydrobromic acid, and that 
the products described as dibromine addition-products of meta- 
nitroacetanilide were mixtures of the perhalides (C«H4.N0s.NH 
COCH.),HBr.Br, and (CeH4.NO,.NHCOCH,),HBr.Br4. 

We have attempted to prepare bromine addition-products of 
metanitroacetanilide and parabromacetanilide in the absence 
of hydrobromic acid, but without success. Bromine free from 
hydrobromic acid can be mixed with these anilides, when sus- 
pended in pure carbon bisulphide, without any addition taking 
place. The unaltered anilides are recovered on filtering and 
drying. When, on the other hand, bromine containing hydro- 
bromic acid or solvents which are attacked by bromine — such 
as chloroform, glacial acetic acid, or ligrom — are used, per- 
halides are formed. 

It has been found in general that when bromine is mixed 
with an anilide imder conditions which permit of the forma- 
tion of hydrobromic acid, the hydrobromic acid unites with the 
anilide to form an ammonium salt, i. e. (R.NHC0CH3),HBr, J 
and that this salt then adds bromine. 

* Amer. Chem. Jour., zviii, No. 2, February, 1896. t Ibid., zrii, 612. 
t Compare Nolting and Weingartner, Ber. d. chem. Qes., zyiii, 1340; also 
Booxeboom, Chem. Centrbl., 1886, 498. 
VOL. It — 8 
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We have prepared the salts [CeH4.N0,.NHC0CHJsHBr 
from metanitroacetanilide ; [C«H4.Br.NHCOCH8]8HBr from 
parabromacetanilide; and [C«H3.NHCOCH8],HI from acet- 
anilide. These salts gave the following series of halogen 
addition-products : 

(CeH4.N0,.NHC0CH,),HBr.Br, 

(C«H4.N0,.NHC0CH,),HBr.Br4 

(C«H4.N0,.NHC0CH,),HBr.Bre 

(CeH4.Br.NHC0CHa),HBr.Br, 

(CeH4.BrJTHCOCH,),HBr.Br4 

(C«H,.NHCOCH,),HI.I, 

(C«H,.NHC0CH,),HI.l4 

These compoimds are perfectly analogous to the perhalides 
CsBr.Br, * CsIJ^^f and NH^Br-Br,. % No perhalides of the 
salts of the anilides have hitherto been described, but per- 
halides of other organic halides have frequently been observed, 
of which the following are examples: C8H5N.NBr.Bra ; § 
(CJl7N)aHBr.Br,;|| CeH.CCH.),^.!, ; C8H8(CH8),NIJ4 ; and 
CeH,.C.H,(CH,).NLl8.ir 

Method of Analysis. — In order to determine total bromine 
the weighed sample was treated with dilute ammonia, and in 
no case were the products analyzed which did not give the un- 
altered anilide with a correct melting-point The solutions 
were then acidified with nitric acid, and the bromine deter- 
mined by means of Volhard's ** volumetric method. In an- 
other sample free bromine was determined by weighing the 
substance into a solution of potassium iodide and then titrating 
the liberated iodine with a tenth-normal sodium thiosulphate 
solution. From the difference the hydrobromic acid was cal- 
culated. Total iodine was also determined by Volhard's 
method, the free iodine having been converted into hydriodic 

• WellB, Amer. Jour. Sci., xliii, 27. 
t Wellfl and Wheeler, Ibid., xliy, 43. 
X Roozeboom, Ber. d. chem. Ges., xiv, 2S98. 
§ Hantzach, n>id., xzyiii, 2764. 
li Grimauz, Bull. Soc. Chim. (Paris), zxxyiii, 127. 
% Genther, Ann. Chem. (Liebig), cczl, 66. 
** Ann. Chem. (Idebig), cxc, 1. 
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acid by means of a solution of sodium arsenate in sodium 
bicarbonate. Free iodine was determined in a separate sample 
by means of the sodium thiosulphate solution, and the hydro- 
gen iodide fay difference. 

Hxperiments with Metanitroaeetanilide. 

The 1 : 1 Eydrobromide, O^H^.N0^jrEC0OHt.nBr, was 
obtained as a colorless crystalline precipitate when hydro- 
bromic acid gas was led into a chloroform solution of the ani- 
lide. It was dried on paper in the air. 

FMmd. Caloalatedfor 

L n. OA^tOrHBr. 

HBr 30.5 30.8 30.9 

The 9:1 Eydrobromide, {C^E^.NO^.NnCOCnt)t.EBr.— 
This and the preceding salt were described in the preliminary 
paper.* It seems to be formed when the 1 : 1 salt is treated 
with glacial acetic acid, since perhalides of this salt were inva- 
riably obtained when bromine was added to the 1 : 1 salt in 
the presence of glacial acetic acid. 

The Tnhalide {C^H^.NOt.NHCOCn^\.nBr.Bn. —2.5 g. 
of the 1 : 1 hydrobromide were covered with 26 g. of glacial 
acetic acid (containing some hydrobromic acid) and 8 g. of 
bromine added. On warming gently, filtering and cooling, 
beautiful light orange-colored flattened prisms separated. 
These were washed with chloroform and dried by pressing on 
filter-paper. 



Foood. 



Oilmdated f or 
OMHuN«Oe.HBr.Br^ 



Br (total) ... 39.2 39.9 

Br (free) . . . 26.2 26.6 

HBr .... 13.1 18.4 

The Pentahalide, (^OMi.N0^.NnC0Cnt\HBr.Bu, was 
prepared by suspending the 1 : 1 hydrobromic acid salt in 
chloroform and adding bromine in the proportion of 1 mole- 
cule of the salt to about 12 atoms of bromine. Solution was 
effected by warming and adding small quantities of glacial 

«Loc.cit 
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acetic acid. On filtering and cooling, deep orange-colored 
prisms separated (analysis I). This compound was also 
obtained when 3.5 g. of the 1 : 1 salt were mixed with 11 g. 
of bromine in 13.8 g. of glacial acetic acid containing a little 
hydrobrbmic acid gas (analysis II). 

The crystals that separated from the solution were washed 
with chloroform containing a little bromine. The material 
for analysis was dried on paper as rapidly as possible. 

VioiiDd. Oaloolsted for 

I. n. OiiHMN4O9.HBr.Br4. 

Br (total) .... 62.7 61.2 62.6 

Br (free) .... 42.6 40.4 42.0 

HBr 10.2 10.8 10.6 

The Heptahalide, iC.H^.NO^.NHCOCn;)t.HBr.Bn, was 
obtained by suspending 3.5 g. of the 1 : 1 hydrobromic acid 
salt in 7.8 g. of cold glacial acetic acid (containing hydro- 
bromic acid) ; to this 58.8 g. of bromine were then added and 
the whole warmed to a blood heat. On cooling to— 10** 
long brick-red needles separated. These were washed free 
from glacial acetic acid by means of bromine which had been 
cooled to —10^. The material was drained on the pump, then 
on a porous plate, and finally pressed on paper (analysis I). 
A portion was exposed somewhat longer than I to the aii 
(analysis 11). 



Br (total) . . 


rami. 

I. n. 
. . 61.0 61.3 


0,AaI'«O«.HBr.Bc.. 

60.8 


Br (free) . . 


. . 63.6 63.0 


62.1 


HBr .... 


. . 7.6 8.4 


8.8 



ExperimentB with PardbromaeetanUide. 

The9: 1 Hydrohromide, {C^H^Br.NB:C0Off;)i.ffBr.—Tina 
and not the 1 : 1 salt was obtained when a chloroform solu- 
tion of the anilide was treated with hydrobromic acid gas. It 
consisted of colorless needles. 

VoubA. Oaleulatod for 

L n. OMH]aNtOsBra.HBr. 

HBr 16.4 15.9 16.9 
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The Tnhalide,{CtE^.Br.NHOOCH^\.EBr.Br^ was obtamed 
by adding ligroln to a solution of the above hydrobromic acid 
salt in a mixtuie of ethyl acetate, chloroform, and bromine. 
The precipitate thus produced was crystallized from chloroform 
containing some glacial acetic acid. Beautiful, flattened, light- 
orange colored prisms separated. 

vun..;! Oaloolatod for 

^^"^ CrtH,eN,0,Br,,HBr.Br,. 

Br (total) . . . 35.8 36.9 

Br (free) ... 24.9 23.9 

HBr 10.9 12.1 

The Pentahalide, iC^H^.BrNnCOCE;)^.HBr.Bu, was ob- 
tained by suspending the salt in chloroform, adding a large 
excess of bromine, and then warming with the addition of 
small quantities of glacial acetic acid until the whole dis- 
solved. On cooling, small flattened crystals separated. 
These had a deep orange color. 





Vomd. 

I. n. 


Otloolated (or 
OuHiiN^O^rHBr.Brt. 


Br (total) . . 


. . 46.2 47.6 


48.2 


Br (free) . . 


. . 36.3 36.3 


38.6 


HBr .... 


. . 9.8 11.3 


9.7 



Experiments with AeetanUide. 

The IB: 1 Htfdraiodide, {C^n^.NnC0On;)^.EIy separated 
from a solution of acetanilide in ethyl acetate in the form of 
shining colorless scales, when hydrogen iodide was led into 
the solution* 

■"""^ CH^,o,.m. 

HI 32.2 32.1 

The Trihalide, CO,E^.NHCOCH0^HI.I^. — A solution of 
4.1 g. of the above salt, with 2.6 g. iodine in 15 g. of glacial 
acetic acid deposited ruby-red ciystaU. These were ana^ 
lyzed with the following result: 
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mnM.mjt Gslculitod for 

I (total) ... 58.0 58.4 

I (free) . . . 39.0 38.9 

HI 19.1 19.6 

The Pentahalide, CO.HyNSOOCH^^.HIJ^, was obtained 
from a glacial acetic-acid solution of the constituents. It 
foims glistening prisms of a deep reddish-brown color with 
the lustre of iodine. They transmit a deep red-brown light 





Vomd. 




I (total) . . 


. 70.1 


70.0 


I (free) . . 


. 67.4 


66.0 


HI ... . 


. 12.8 


141 
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THE ACTION OF ACID CHLORIDES ON THE 
SILVER SALTS OF THE ANILIDES.* 

By H. L. WHEELEB and B. B. BOLTWOOD. 

In this paper we shall describe the action of benzoyl chlo- 
ride on silver formanilide, on sUver 24 dichlorformanilide, 
and on silver formorthotoluide. We shall show that these 
reactions resulted in the formation of diacid anilides and a 
diacid toluide, and that these diacid derivatives have the 
stnictore represented by the general formula 

^"^<COCeH/ 

Some experiments on the action of cUorcarbonic ethylester 
on the silver salts of formanilide and formorthotoluide are 
also given* 

If the reactions with benzoyl chloride are viewed as direct 
double decompositions, the following general equation will 
represent the formation of the diacid anilides, provided the 
silver salts have the metal joined to nitrogen : 

^^"^rS ]^«OC.H. = E-N<g^^^ + AgCL 

This view seems to be confirmed by the action of alkali or 
acids on the diacid anilides and toluide. This action consists 
in the removal of the f ormyl group, leaving the benzoyl radical 

attached to the R-N< group, and shows that the structure 

of the diacid anilides is best represented by the formula used 
above. It may be represented by the following equation: 

eoCaH, ' = ^^^<COC«Hj -^ HOCHO. 

* Amer. Chem. Jour., xviii, No. 5, May, 1S90. 
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On the other hand, if the diacid anilides were oxygen de- 
rivatiyes, and if they had the structure 

corresponding to the pseudof orm of the anilide, it would be 
difficult to see how the formyl group could be removed, leav- 

TT 

ing the benzoyl radical attached to the group E— N< , as 

shown above. 

From the above considerations, we are led to believe that 
the diacid anilides are nitrogen derivatives. It follows, then, 
that the silver salts of the anilides behave with benzoyl 

CHO 

chloride as if they had the structure Br-N<^ , that is, 

as if the silver was joined to nitrogen. This behavior is 
remarkable, since the results obtained by the study of the 
action of alkyl halides on these salts are in direct opposition 
to this view. The work of Comstock,* with Kleeberg,t 
Wheeler % c^d Clapp § has shown that these salts give imido- 
ethers with alkyl halides. It was therefore concluded that 
the silver in these compoimds is joined to oxygen, their struc- 

ture being represented by the formula I^N=C<q^ , and 

the general reaction represented as a direct double decom- 
position, as follows: 

B^N==C< JjAgTliCH, = RN=C<^j^^ + Agl. 

It is not our intention to discuss in this article the proba- 
ble structure of the silver salts, but to caU attention to the 
fact that these salts react as if they were derivatives of both 
the normal and pseudof orm of the anilida In other words, 
if we consider the double decomposition or substitution theory 
alone, these salts behave as if they had two structures. Ques- 
tions of this nature, of so-called tautomeric reactions, have re- 

* Ber. d. chem. Ges., zxiii, 2274. f Amer. Chem. Joar., xii, 493. 

X Ibid., xiii, 514. § n)id., ziii, 626. 
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ceived consideiable attention from Nef * and his co-workers in 
recent years. Nef has plainly shown, in his series of elabo- 
rate researches on tautomerism, that reactions of this nature 
involve not alone a double decomposition or substitution, but 
also an intermediate addition. We refer especially to his last 
article on this subject, f and also to his work published in 
1892, where he refers to the different behavior of thi sodium 
and sQver salts of the anilides with alkyl halides, and decides 
that it is very improbable that these salts differ in their con- 
stitution, and that, in one case, an addition must take place4 

It is now evident that although in the action of alkyl hal- 
ides or of acid chlorides on the silver salts, a double decom- 
position may take place, such cannot be the case in both. 
Evidently in one case, and possibly in both, an intermediate 
addition is involved. The experimental evidence thus far 
obtained indicates that in the reactions described in this paper 
the acid chloride first forms an addition-product with the silver 
salt. This addition-product then separates silver chloride 
with the formation of the diacid anilide. That a silver salt 
can add hydrogen chloride and hydrogen sulphide without 
immediate separation of silver chloride or sulphide has been 
shown in the beautiful work of Nef on silver fulminate.§ 
The addition of benzoyl chloride to the silver salts of the 
anilides seems to be another example of this peculiar union. 

If this^is indeed the case, it does not necessarily favor the 

assumption that the silver salts of the anilides are derivatives 

of the pseudof orm of the anilide, nor that addition takes place 

as follows : 

C«H,CO-N-R 
.N-E / 

HCC + C1C0C.H, = HC-Cl 

^OAg \ 

OAg 

• Amer. Chem. Jour., xi, 1 ; xii, 879; xiU, 422. J. prakt Chem. [2], xlii, 
161. Ann. Chem. (Liebig), cdxyi, 62; Ibid., cclzx, 267; Ibid., cclzxri, 200; 
Ibid., cclxxrii, 69 and 162; Ibid., cclzxx, 263 and 291. 

t Ann. Chem. (Liebig), cclzxxyii, 269. 

X Froc. Amer. Acad., May, 1892, 102; and Ann. Chem. (Liebig), cclxx, 298. 

I Ann. Chem. (Liebig), cdzxx, 313. 
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For it is to be noticed that the addition of acid chloride to 
a silver salt of an anilide might well take place to the nitro* 
gen entirelyy the resulting product then being analogous to the 
hypochlorous acid addition first noticed by Witt,* and also to 
the salts of the anilides with the halogen acids^f The com- 
pounds being pentavalent nitrogen derivatives as follows :% 



\Ag \ H vl 

^CHO ^COCH, ^COCH, 



Clj 
H 



That the structure of the silver salts of the anilides cannot 
be decided by their final reaction-products is shown by the 
above considerations, and it is again shown in the work that 
we have done so far with chlorcarbonic ethyl ester and silver 
f ormamlide. We shall show in the latter part of this paper 
that these substances gave both the oxygen derivative, phenyl- 
formimidoethyl ether or ethylisoformanilide, and the nitrogen 
compound formylphenylurethane from which we isolated 
phenylurethane. The action with silver f ormorthotoluide ap- 
pears to be similar. 

Work on the action of acid chlorides on other salts of the 
anilides is now in progress in this laboratory, and it is also 
intended to continue the present work on the silver salts, this 
having been interrupted by the departure of one of us from 
this laboratory. 

Experimental Part, 

CHO 
FarmtflbemanUidej ^•^g^^Qoo H* — When dry silver 

f ormanilide § is suspended in a small amount of benzene 

* Ber. d. chem. Ges., yiii, 1226. 

t Knorr, Ann. Chem. (Liebig), cczIt, 376; Wheeler and Walden, Amer. 
Chem. Jour, xviii, 87. 

X Fictet explains the formation of benzanilide from benzoyl chloride and 
form- or acetanilide, etc., by means of a similar addition of the acid chloride 
to the anilide. Ber. d. chem. Ores., xziii, 8011. 

§ This was prepared according to the directionB of Comstock and Elee- 
berg, loc. cit 
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and one molecular proportion of benzoyl chloride is added, 
the first evidence of a reaction begins with a slight warm- 
ing. On stirring, the mass thickens until it becomes almost 
semi-solid, it then becomes more fluid and the odor of 
benzoyl chloride disappears. The action can be hastened by 
warming. On filtering and concentrating the benzene solu- 
tion, sUver chloride frequently separates, although the extract 
filters at first perfectly clear. The residue consists of an oil 
which on standing solidifies. When this mass is crystallized 
from alcohol, more silver chloride separates along with beauti- 
ful colorless needles of the diacid anilide. It sometimes takes 
several crystallizations from alcohol to free these crystals 
completely from silver. Attempts were made to isolate this 
supposed addition product which apparently is formed here, 
and which would explain the persistency with which silver 
chloride contaminates the product, but the reaction took place 
too rapidly to permit of the isolation of an addition-product 
suitable for analysis, even at the melting-point of benzene. 
The yield of formylbenzanilide is practically quantitative. 
Analysis of the diacid anilide dried over calcium chloride 
gave: 

C 7433 74.67 

H 4.92 488 

N 6.46 6.14 

Formylbenzanilide is readily soluble in benzene and chloro- 
form, less so in ether and alcohol, and difficultly in water. It 
melts at 112^. When it is treated with sodium hydroxide, the 
formyl group is removed and benzanilide melting at 162° is 
obtained. A mixture of benzanilide and formylbenzanilide 
can readily be distinguished when crystallized from alcohol. 
The former separates at first in needles, the latter forms a 
supersaturated solution, and on shaking deposits plates. 

9-4 DicUarfarmanaidej O^H^Cl^NE.OEO. — TYna was pre- 
pared from acetanilide by chlorinating according to the method 
of BeUstein and Eurbatow.* From the pure dichloracetani- 

• Ann. Chem. (liebig), czctI, 216. 
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lide thus obtained the acetyl group was replaced by the 
formyl in the usual manner. 2-4 dichlorformanilide crystal- 
lizes from alcohol in colorless needles, which melt at 158^. 

v^.«^ OtloQlatad for 

Foaad. CtH^NOCI,. 

44.16 44.22 

H 2.71 2.63 

Silver 2-4 Dichlorformanilide, OtH^Cl^AgCHO, was ob- 
tained from the sodiiun salt in the same manner as silver 
formanilide. It separates as a white amorphous bulky pre- 
cipitate, and as regards the action of light, it is the most 
stable silver salt of the anilides that we are familiar with. 
It was washed with water and dried over sulphuric acid. 

Ag 36.48 36.36 

GHO 
2~4 Dichlofformtfllemanilidej C^H^GltN< qqq ^. — To pro- 
pare tMs, the above silver salt was mixed with benzoyl chlo- 
ride in proportion to their molecular weights, the operation 
being carried out as before in dry benzene. When the benzene 
solution was filtered and evaporated, an oil remained. This 
was taken up in 95 per cent alcohol. This left a residue 
apparently of silver chloride. On letting the alcoholic solu- 
tion stand, more silver chloride separated; then the diacid 
anilide, first as an oil, and finally in bunches of colorless 
acicular prisms. These, on crystallizing from alcohol, melted 
at 77°. Analysis gave : 

v^^ CAlculatod for 

C 67.09 67.14 

H 3.17 3.06 

N 4.83 4.76 

2-4 DicUorformylbenzanilide is readily soluble in benzene 
and in hot alcohol, but difficultly soluble in water. 

2-4 IHchlorbemanilidey Ci^tOVV<^Q^ »-. — This was 

formed when 2-4 dichlorformylbenzanilide was boiled with 
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dilute hydrochloric acid, the resulting product was crystallized 
from strong alcohol. It melted sharply at 117°. Analysis 
gave: 



Fonnd. 



CaleoUitodfor 
OiANOCla. 



N 6.11 6.26 

2-4 Dichlorbenzanilide is only sparingly soluble in hot 
water, difficultly in cold alcohol, readily in hot, and easily 
in ether. 

Formylbemorthotoluidey C%H^OH^N< ^gg ^ . — The prep- 
aration of this from silver f oimorthotoluide and benzoyl chlo- 
ride was precisely the same as we have described in the two 
preceding cases. The product showed the same tendency 
to retain silver. It was obtained from the benzene solution 
as an oil. This was dissolved in alcohol and the solution 
allowed to stand, when beautiful, thick, apparently rectangu- 
lar plates, diagonally striated, separated. These on ciystal- 
lizing from alcohol melted at 92"". Analysis gave: 



C 75.12 76.31 

H 6.64 6.43 

N 6.87 6.86 



Formylbenzorthotoluide is readily soluble in benzene and 
in warm alcohol, but difficultly soluble in water. Some of the 
analyzed material was treated with dilute sodium hydroxide, 
and the product then crystallized from dilute alcohol, when ben- 
zorthotoluide was obtained in colorless needles melting at 142^. 

A comparison of the melting-points of the diacid deriva- 
tives, described in this paper, with those of the mono-acid 
anilides and toluides shows no strict regularity, except that 
the melting-points of the di-derivatives are lower than those 
of the benzoyl compounds. This will be seen from the fol- 
lowing list : 
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FormanDide .... 46° Formorthotoluide . . 62° 

Formylbenzanilide . . 112° Formylbenzorthotoluide 92° 

Benzanilide .... 163° Benzorthotoluide . • • 142° 

ILP. 

2-4 Dichlorformanilide . . . 153° 
2-4 DichlorformylbenzanUide . 77° 
2-4 Dichlorbenzanilide . . . 117° 

Action of OKlorearbonic EthyleBter on Silver Formanilide and 
on Silver Formtoluide. 

Silver formanilide and chlorcarbonic ester weie mixed in 
benzene solution in molecular proportions; the reaction took 
place rapidly and carbonic acid gas was given off. To com- 
plete the reaction, the whole was warmed on the water-bath. 
On filtering from silver chloride and evaporating the benzene 
solution, an oil was obtained ; this was distilled at a pressure 
of 18 mm., when a small amount of phenyUormimidoethyl 
ester or ethylisoformanilide * was obtained, which boiled at 
about 106° under these conditions. This substance was 
identified by its action with aniline, and also on standing 
alone exposed to the air. In both cases diphenylformami- 
dine was obtained, melting at 186°. For comparison this 
imido-ether was made from the silver salt of formanilide with 
ethyl iodide. This product was found to be identical with 
that obtained from the chlorcarbonic ester reaction. 

Phenyl i-4 1)ichlorpKenylfoTmamidinej HO \y^T^ft ^b d* — 

This was formed when the above imido-ether was mixed with 
2-4 dichloraniline. It crystallizes from benzene in bunches of 
minute colorless plates, which melt at 159°. 

v^«4 Caloulftted for 

N 10.69 10.57 

The residue left after the distillation of the imido-ether was 
treated with dilute hydrochloric acid and alkali, and then 

* Described by ComBtock and Clapp, loc. cit 
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ciystallized from ligroln. This gave phenylurethane, melting 
at 62''. On extracting the silver chloride residue with water, 
diphenylf ormamidine hydrochloride was obtained. 

In another experiment 30 g. of silver salt were taken, and 
an excess of chlorcarbonic ester was unintentionally used. In 
this experiment we succeeded in isolating phenylurethane in 
addition to the imido-ether and the amidine. The approxi- 
mate quantities of these substances formed were as follows: 
0.9 g. of diphenylf ormamidine hydrochloride, 6.0 g. of imido- 
ether, and 14 g. of oil, which we did not succeed in purify- 
ing. A small quantity of isonitril was formed, probably in 
the distillation. The oil evidently consisted of the expected 
f ormylphenylurethane, since, on warming with dilute sodium 
hydroxide and then crystallizing the product from ligroln, 
phenylurethane was obtained, melting at 62^. The latter was 
positively identified by analysis : 

v«»«4 Oalcolated for 

C 66.60 66.45 

H 6.74 6.66 

Experiments with the silver salt of formorthotoluide and 
chlorcarbonic ethyl ester, conducted in the same manner as 
the preceding, gave orthotolylformimidoethyl ester, «-ditolyl 
urea, and a residue, presumably formyltolyl urethane, but we 
did not succeed in purifying this for analysis. 

OHhotolylformimidoethyl Ester, O^H^ OH^- 0<oqji' — 

This is an aromatic oil boiling at 101^ at 12 mm. pressure. 
Analysis gave: 



Tounda 



Oalonlated f or 
OloHijNO. 



C 73.19 73.62 

H 7.94 7.91 

From the high-boiling fractions of the imido-ether a crystal- 
line colorless substance separated. This was washed with 
ligroln and analyzed. 
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v<»«^ Oaloobitod for 

'*"*"*• CuH,.N,0. 

C 74.44 74,37 

H 7.11 7.43 

N 11.06 11.67 

Its melting-point, 256^, and the above analysis show that 
this substance was t-orthoditolyl uiea. 
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L — ON SOME MERCURY SALTS OF THE 
ANILIDES.* 

Bt H. L. WHEELEB and B. W. McFARLAND. 

NuMEBOUS investigators have had occasion to work with 
the sodium and silver salts of the anilides, and have used these 
compounds in syntheses, while little attention has been given 
to the mercury salts«. Mercury acetanilide first prepared by 
Oppenheim and Pfaff f seems to be the sole representative of 
the mercury salts of the aniUdes that has been prepared. This 
compound has recently been examined by Piccinini, X ^^ ^^ 
concludes that it is a mercurammonium derivative, since the 
mercury can be removed from it at ordinary temperature by 
means of sodium thiosulphate, potassium iodide, or ammonium 
bromide, thus differing from Pesci's § paramercurioacetanilide, 
which is not effected by these reagents. 

The experiments of Piccinini, however, do not decide 
whether mercury acetanilide has the structure 



COCH, 

>Hg 
C,H,N 


C,H^=C.CH, 

\> 
or >Hg 



\lOCH, 


C^,N=C.CH, 



The former structure corresponds to that generally accepted 
for the sodium salts of the anilides, the latter to Uiat of the 
silver salts. 

We are now prepared to show that formanilide and para- 
formtoluide give mercury salts, and that these salts — as well 
as mercury acetanilide — react with benzoyl chloride as if they 
had the metal joined to nitrogen. We have also found that 

* Amer. Chem. Joiir.» zriii. No. 7, Julj, 1806. 

t Ber. d. chem. Qw., yH, 024. t Ibid., utIU, B. 11& | Ibid., B. 112. 
vox* 11.— 4 
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the action of bromine and iodine on mercuiy f ormanilide is 
similar to that of benzoyl chloride. 

In the course of the above-mentioned reaction such mercuric 
halogen compounds as the following are directly obtained: 

c.Hpr4^i, CAN4°gr. c.H^<^f. 

The reactions may be represented by the following equation 
in which hal represents halogen and X either CfHsCO — , Br, 
or I. 



<^>^^<H g + haJjX = C.H,N<g?^ + CeH^<g 






HO 



These halogen mercuric compounds represent a part of the 
mercuric salt united to halogen. They are undoubtedly nitro- 
gen derivatives, being analogous to the well-known ammonia 
compound H,N— HgCl, the so-called white precipitate, and to 

the aniline salts, CeH3N<g^j^^j ^^^ j^^ ^A^<HgOCOCH.» 
etc., described by PescL* 

It is also to be noticed that in the above-mentioned reactions 
of the mercury salts, besides the halogen mercur}'- compounds, 
nitrogen-substituted anilides are also formed. For example : 
Benzoyl chloride and mercury formanilide give formylbenz- 

CHO 
anilide, C^^<qqq ^ , in addition to chlormercury formani- 
lide, CeHpT<^^ ; and the diacid anilide when treated with 
alkali or dilute acid is decomposed into benzanilide, 

C«H^<COCeH^ 

and formic acid. The diacid anilide, therefore, has both acid 

groups attached to nitrogen, since such a decomposition could 

CHO 
only result from a nitrogen derivative, t. «., CeH,N<XQn jj • 

On the other hand, if the diacid anilide were an oxygen 
« Gazx. cfaim^ xxii [1], 378. 
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XT 

deriyatLTe, t. e., CeH^=C<Q qoC-H ^^ ^ evident that the 
f ormyl group could not be removed mthout also removing the 
benzoyl radical, and we should get aniline, formic and benzoic 
adds instead of benzanilide. The decomposition of the diacid 
anilide, therefore, is to be represented as follows : 

C^^^^MP = e^<=^,^, ^ HOCHO 

The above &ct8 show that the mercury salts of the anilides 
have the mercury undoubtedly united to nitrogen, for were 
it joined to oxygen, it would be impossible to explain the 
formation of the halogen mercury compounds and tihe diacid 
anilides by the usual theory, in tautomeric reactions, of 
addition and separation, since in this case an assumption of an 
elaborate rearrangement would also be necessary. 

The mercury salts are therefore to be represented by the 
following structure : 

/CHO CeHpf=C\Q 

CH^N^^ and not ^/Hg 

CAN \ CHQ C,H^N=C < H 



Experimental Part. 

Mercury FiyrmanUide^ (^C^HgNCHG)tSg^ is most conven- 
iently prepared 1^ dissolving f ormanilide and mercuric bromide 
in alcohol, then adding the calculated quantity of sodium 
ethylate, and diluting with water. The resulting precipitate 
(analysis I) can be crystallized from water (analysis II). It 
then separates in colorless needles which melt at about 194^. 
Mercury formanilide can also be obtained by use of mercuric 
nitrate and sodium ethylate, or by boiling an alcoholic solution 
of formanilide with mercuric oxide (analysis III) or mercurous 
oxide (analysis lY). It also results when sodium formanilide 
is boiled with mercurous nitrate. 
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^^y^ Oakmlstodfor 

Hg . . . 46.0 45.2 46.1 45.4 45.4 

]^ • • • • • • • 6.2 • • • • • • 6^ 

Chhrmenmry Formaniiide^0^ffiN<j^ q^ — When mercuiy 

formanilide is suspended in benzene, and 1 molecule of 
benzoyl chloride is added, the reaction takes place, slowly in 
the cold, rapidly when wanned. On filtering and washing 
the residue with benzene, pure chlormercury formanilide re- 
mains (analysis I). This compound is also obtained when 
equal molecules of formanilide, mercuric chloride, and sodium 
ethylate are mixed in alcoholic solutions (analysis II). It 
crystallizes from water in shining colorless plates melting at 
191° (analysis HI). 

'*^ Oaloulatedfor 

L n. m. c,H,BroHgOL 

Hg 66.4 66.6 66.3 

CI 9.6 9.9 ... 9.9 

Farmjflbenzanilidey C^H^N< qqq ^^ — On concentrating the 

above-mentioned benzene solution, this diacid anilide is ob- 
tained in colorless, brittle prisms, which on recrystallizing 
from benzene melt at 112^ It crystallizes from water in 
needles, and when recrystallized from this solvent or from 
alcohol the melting-point does not change. Analysis gave: 

«^n»4 Oaloalatod for 

C 76.27 74.67 

H 4.93 4.88 

N 6.10 6.22 

When formylbenzanilide is treated with acids or alkalies, 
the formyl group is removed and benzanilide is formed. This 
was identified by its melting-point and general properties. It 
is to be noticed that this diacid anilide from mercury formani- 
lide is identical in all its properties with formyl benzanilide 
obtained from silver formanilide and benzoyl chloride.* 

* Amer. Jour. Chem., xyiii, 881 
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Brommereurtf Formanilidey 0^^^<^^^ was obtained 

when mercury foimanilide was suspended in carbon disul- 
phide and 1 molecular proportion of bromine added. During 
this operation the whole was cooled with ice. 

The residue was washed with carbon disulphide until color- 
less, dried in the air, and then analyzed (analysis I). Another 
portion was crystallized from dilute alcohol, from which it sep- 
arated in bunches of radiating, yeUow-white plates. The 
trace of color and the analysis indicate that in this operation 
a slight decomposition had taken place (analysis 11). 

Fdnnd. Oalenlated for 

L n. CrHeNOHgBr. 

Hg 50.2 50.0 

Br 19.9 19.4 20.0 

The above-mentioned carbon disulphide solution was evapo- 
rated over sulphuric acid by means of a pump. This left a 
brown or black mass. The color was not removed from the 
solution in carbon disulphide or ether by boiling with animal 
charcoal. Attempts to isolate the unstable formylbromamino* 

Bp 
benzene,* ^•^»^^CHO' ^^^ therefore abandoned. We then 

boiled the residue with water. This extracted a colorless 
substance containing bromine, crystallizing in needles from 
hot water and melting at 119''. It was, therefore, the 
expected parabromformanilide, resulting probably from the 
molecular rearrangement of formylbromaminobenzene. 

lodmereury Farmanilide^ OJH^N<^ j. — Molecular pro- 
portions of mercury formanilide and iodine were mixed in 
carbon disulphide, and the whole was allowed to stand for 
twenty-four hours. The residue which remained was filtered, 
washed with carbon disulphide, dried, and analyzed. It de- 
composed on boiling with water. 



Fomd. 



Oatenlatod for 
OfHJfOHgL 



I 28.6 28.4 

* Slosflon, Ber. d. chem. Qes., xzriii, 3268. 



Digitized by 



Google 



64 ON SOME MERCURY SALTS 

The carbon disulphide filtrate from iodmercury f ormanilide 
was evaporated to dryness at ordinary temperature. A black 
residue resulted as in the case of the bromine reaction. From 
this residue we succeeded in extracting a small amount of 
paraiodformamlide by boiling with water. On crystallizing 
from water it gave the correct melting-point, 108''. 

In another experiment chloroform was used instead of car- 
bon disulphide, and an excess of mercury formanilide was 
present. We succeeded in this experiment in showing the 
presence of a substance which easily liberated iodine, but 
which was not obtained in pure condition. This unstable 
compound was probably iodisof ormanilide or formyliodamino- 
benzene which Comstock and Kleeberg * obtained from the 
silver salt of formanilide. On warming this with formic acid, 
then crystallizing from water as they describe, we obtamed 
paraiodfoimanilide, crystallizing from water in colorless 
needles, and melting at 108^. 

Mercury Formanilide Acetate^ ^^^t^'^HoOCOCH ' — When 
mercuric acetate is mixed with formanilide in alcoholic solu- 
tion, acetic acid is liberated. On concentrating the solution 
bunches of colorless slender prisms of the above compound 
separate. Again, on dissolving dry mercuric acetate in a very 
strong alcoholic solution of formanilide and then warming, the 
whole suddenly solidifies. When this mass is crystallized 
from strong alcohol, the same colorless prisms result: 



Found* 



Oalonlatodfor 
CANOA. 



Hg 53.1 62.8 

Mercury Formparatoluide, {CHtC^HJfCHO)tng. — 10 g. 
of f ormparatoluide and 14 g. of mercuric bromide were dissolved 
in 40 c. c. of 96 per cent alcohol, then 1.7 g. of sodium also in 
40 c. c. of alcohol were added. This, on shaking, gave a clear 
solution, to which an equal volume of water was added. The 
mercury salt then separated in a thick mass of crystals. 
These were washed with alcohol (analysis I). A portion 

* Amer. Chem. Joiir.9 xii, 403. 
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crystallized from water gave colorless needles (analysis 11). 
Another specimen was prepared by using mercuric chloride 
instead of the bromide, and this was crystallized from 50 
per cent alcohol and analyzed (analysis III). 

^""'^ GaloaUtedfor 



L n. m. OttHialS^.OjHg. 

Hg . . . 43.48 43.25 43.00 42.73 

CUormereury Formparatoluidej Off^C9ff^<j^ %. — This 

was obtained as a residue when the above mercury salt, sus- 
pended in benzene, was treated with benzoyl chloride (analy- 
sis I). It crystallizes from water in colorless needles, and the 
analysis indicates that in this treatment a slight decomposition 
takes place (analysis II). 

''^^ Calculated for 

'■7 ^^ CsH,NOHgCL 

Hg 54.19 62.53 54.20 

Farmylbemparatoluide^ Off^C^H^N<7^^ ^. — The ben- 
zene solution from chlormercury f ormparatoluide was evapo- 
rated, and the residue taken up in ether. This operation was 
repeated. The material was then crystallized from a mixture 
of ligroln and ether, when colorless prisms were obtained 
melting at 101 ''. 

«_-4 Oaloolatod for 

'^*""»^ C,bH„NO,. 

N 5.36 5.86 

On warming this product with dilute sodium hydroxide, the 
formyl group was removed and benzparatoluide was obtained. 

AceibenzanUide^ C^H^N< qqq ^- — The preparation of this 

compound was perfectiy analogous to that of formylbenzan- 
ilide and formylbenzparatoluide. Mercury acetanilide, best 
prepared according to the directions of Piccinini,* and ben- 
zoyl chloride were mixed in molecular proportions in benzene. 
On filtering, evaporating the benzene solution, and crystaUiz- 

• Loc.cit 
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ing the residue from dilate alcohol, an oil separated which 
changed to long needles, melting at 68°. When this material 
was crystallized three times from dilate alcohol, the melting- 
point remained constant 

v..^^ OaloQlated for 

N 5.81 6.86 

On warming with dilate sodium hydroxide and then crys- 
tallizing from alcohol, pure benzanilide was obtained, melting 
from 162'' to 168''. Here, also, as in the case of formylbenz- 
anilide and formylbenzparatoluide, alkali removes the lower 
acid group. 

Merewry Symmetrical Tribroma€etantlide^( C^HJBr^COCR^^ 
Eg. — This was prepared like mercury acetanilide, except that 
dilute alcoholic solutions were used. The precipitate, washed 
with water and then with alcohol, gave an analysis 22.4 per 
cent of mercury instead of 21.4 per cent. It crystallizes from 
50 per cent alcohol in bunches of needles. 

Jt&^cury JWmy2-a-napAt&y2a7ntn«, {Ci^H^NCnO^tHg. — This 
was prepared like mercury f ormparatoluide. It gave colorless 
needles, which were washed with water, and then with hot 
alcohol. A mercury determination gave 86.4 per cent mercury 
instead of 87.6 per cent. 

It will be noticed that, as the solubility of the aniUde in 
water or dilute alcohol decreases, pure mercury salts are to be 
obtained only with difficulty. For this reason acetparatoluide 
and benzanilide did not give mercury salts of even approximate 
purity by the above methods. 

Nbw Ultkx, IAaj, 1896. 
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ON THE USE OF ANTIMONY TRICHLORIDE IN 
THE SYNTHESIS OF AROMATIC KETONES.* 

By WILLIAM J. C0M8T0CK 

Among the reagents which may be used in special cases 
instead of aluminium chloride in syntheses involving the sep- 
aration of hydrochloric acid, there is no record, as far as I 
have found, of the use of antimony trichloride. Indeed the 
applicability of aluminium chloride is so general that one 
would hardly search deliberately for a condensing-agent to 
replace it, although its use does involve certain objectionable 
features on account of its extremely hygroscopic properties. 
It is certainly more agreeable to handle antimony trichloride, 
which has moreover comparative cheapness in its favor, as 
weU as the advantage that in case it has absorbed moisture 
by long standing or exposure, the anhydrous chloride can be 
readily recovered. Should it be a question of working on a 
large scale wheie the expense is the important, perhaps the 
one essential, consideration, the use of antimony trichloride 
would undoubtedly be preferred, as it can be recovered from 
the product of the reaction by evaporation of the hydrochloric 
acid solution used to free the ketone from antimony, and sub- 
sequent distillation of the residue. I have found that a 
mixture of an acid chloride with an aromatic hydrocarbon 
and antimony trichloride, evolves hydrochloric acid when 
heated, and that for the synthesis of benzophenone and its 
homologues the method can be used with excellent results. 
The yields compare favorably with those obtained by Elbs,t 
who made a careful study of the Friedel and Crafts reaction 
for the synthesis of the same ketones. The reaction does not 

* Amer. Chem. Jour^ zTiii, No. 7, July, 1806. 
t J. prakt Chem., zxzv, 466. 
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take place at ordinary temperature, and cannot be successfully 
applied with low-boiling chlorides^ as, for instance, to the syn- 
thesis of acetophenone. It is not my intention to work 
through the list of ketones to whose synthesis the method 
ought be applied; but I give experiments in three typical 
cases, leading to well-known compounds, to show the yields, 
advantageous proportions, etc. Without doubt the method 
can be used to condense any acid chloride having a moderately 
high boiling-point, with an aromatic hydrocarbon. For the 
preparation of ketones from the phenol ethers the method can 
be used, but its advantages are rather doubtful on account of 
the saponifying action of the antimony trichloride, 

Gattermann, Ehrhardt, and Maisch * have made many ketone 
syntheses with the phenol ethers according to the method of 
Friedel and Crafts, but as the yields are not given, I have no 
means of comparing the two condensing-^agents. 

Hartmann and Gattermann f have shown that the phenol 
ethers are saponified by aluminium chloride, and state that 
this causes a loss in the preparation of the ketones. The 
saponifying action of antimony trichloride on the phenol 
ethers reduces the yield of ketone &r below that found in the 
experiments with hydrocarbons given below, although the 
reaction takes place more readily. I have obtained about 40 
per cent of the theoretical yield of pure jtMnethoxybenzophe- 
none, and doubtless the yield could be improved by a careful 
study of the conditions. Indeed, by diluting with carbon 
bisulphide the amount of bye-products is reduced, but the time 
required is much longer. As to the use of antimony trichlo- 
ride for the synthesis of compounds other than ketones, I have 
made no careful study, but wiU mention a few observations 
that seem of interest in this connection. It is not possible to 
prepare triphenylmethane from chloroform by this method; 
there is no evolution of hydrochloric acid when chloroform, 
benzene, and antimony trichloride are heated, even when large 
quantities of chloride are used. The reaction between benzal 
chloride and benzene seems to take place very readily, but the 

• Ber. d. chem. Ges., xxiii, 1199. t Ibid., xxy, 3681. 
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product contains a large amount of dark resinous matter, and 
so much that is not triphenyhnethane that I have not studied 
the case further. 

Syntheses with benzyl chloride in presence of antimony tri- 
chloride are not to be recommended. To be sure, diphenyl- 
methane can be prepared with a yield of about 12 per cent» 
but the greater part of the benzyl chloride is converted into 
more complicated, high-boiling compounds, apparently the 
same anthracene derivatiyes that are formed when benzyl 
chloride is treated with aluminium chloride. In consideration 
of the possibility, though a remote one, of a direct synthesis 
of the ethereal salts from ethyl chlorcarbonate, I have made 
one experiment, with paraxylene. But the result showed 
that the reaction takes place in the same way as with alu- 
minium chloride, i. «., carbonic acid is given off together with 
the hydrochloric acid, and the product of the reaction is a 
mixture of unaltered paraxylene with higher-boiling hydro- 
carbons, but no ethereal salt. 

Smith and Davis * have described addition-products of anti- 
mony trichloride with benzene and napththalene, compounds 
having the composition of two molecules of hydrocarbon to 
three molecules of antimony trichloride, and it is worth men- 
tioning that aluminium chloride and antimony trichloride are 
the two metallic chlorides with which " molecular " compounds 
of the aromatic hydrocarbons have been obtained. Whether 
this has any connection with the syntheses which can be 
carried out in presence of these chlorides is doubtfuL 

In conducting the operation, the mixture is heated in a 
flask with reflux-condenser, either by a direct flame, or better 
by means of a parafiSn or other batii. The only precautions 
to be taken are to use substances free from water, to protect 
the mixture from the moisture of the air during the operation 
by means of a calcium-chloride tube, and to avoid raising the 

* J. Chem. Soc., xli, 411. 
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temperature too rapidly during the early part of the operation* 
The evolution of hj^ochloric acid is rapid at 140^. This is 
true in the cases given below, as well as in other cases where 
the reaction was tried as a test-tube experiment only, without 
working up the product. The temperature of the bath is 
gradually raised as high as 200'' • When the evolution of gas 
stops, and the odor of the acid chloride has disappeared, the 
mixture is washed with strong hydrochloric acid in a separa- 
tory funnel until the antimony is entirely removed. The 
ketone is then taken up in ether, dried over potassium car- 
bonate, and finally distilled. Should there be difficulty in 
getting the ketone to separate from the acid solution, it can be 
taken up in ether at once, but in this case it requires repeated 
shaking of the ethereal solution with hydrochloric acid to 
remove the antimony trichloride. In carrying out the re- 
action with small quantities it is, however, desirable to take 
up in ether at once. For removing the antimony trichloride 
from the ketones it is also possible to use a strong solution 
of potassium or calcium chloride, acidified with hydrochloric 
acid. 

BenzopTienone. 

Benzoyl chloride reacts more slowly with benzene than it 
does with the higher hydrocarbons. It is impossible to carry 
out the reaction with a small proportion of antimony tri- 
chloride, as the temperature of the mixture cannot be raised 
sufficiently high. With 56 g. of benzoyl chloride, 82 g. of 
benzene, and 75 g. of the trichloride, the reaction required 
forty hours for its completion. The yield of pure benzophe- 
none, boiling at 806-808°, was 51 g. or 70 per cent of the 
theoretical. The proportions given in the following experi- 
ment are to be reconunended, as they enable one to cany out 
the reaction within reasonable time limits: 

112 g. CeH.COCa 
70 g. CeHe 
300 g. SbCl, 
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The reaction was completed in about twelve hours. The 
yield was 108 g. of benzophenone boiling at 806''-808'', t. e. 
74 per cent of the theoretical 

The yield of crystallized^ but not carefully rectified ketone 
is of course larger. Elbs gives the yield of *^ pure crystallized 
ketone,'' obtained by the Friedal and Crafts reaction, as 70 
to 76 per cent of the theoretical. 

Benzoffl Chloride and Toluene. 
Experiment 1. — The mixture used was made up thus: 

66 g. CeH.COCl 
40 g. CtH3 
16 g. SbClt 

The time required to complete the reaction was forty-two 
hours. The yield of mixed ortho- and paratolylphenyl ketones, 
66 g. or 72 per cent of the theoretical, boiling between 177'' 
and 182^, at a pressure of 16 mm. 

ExperimevU H. — The mixture used in this case was: 

66 g. C.H.C0C1 
40 g. C,Hs 
60 g. SbClt 

The reaction was completed in five hours ; yield of mixed 
ortho- and para-ketones, 62 g. or 80 per cent of the theo- 
leticaL According to Elbs, the yield of mixed ortho- and 
paraketones runs up as high as 95 per cent of the theoretical, 
when aluminium chloride is used. As to the proportion of 
ortho and para in the mixture, there is apparently a higher 
percentage of ortho-ketone formed when antimony trichloride 
is used. Elbs states that from his mixture of the two ketones 
he could obtain 80 to 95 per cent of pure paratolylphenyl 
ketone, and that the mixture *^ ci^ed " at ordinary tempera- 
ture. I obtained 64 per cent of pure paraketone from the 
mixture. The separation is of course incomplete, but the 
mixture of ketone, which I obtained, did not ** cake " till it 
was cooled with ice. 
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ParcixylylphenyVceUme. 

The following mixture was used: 

28 g. CeH^COCl 
22 g. paraxylene 
20 g. SbCl, 

The reaction was completed in about six hours. The yield 
of pure ketone, boiling between 817^-819'', was 84 g., or 
80 per cent of the theoreticaL 

In another experiment the same amounts of benzoyl chloride 
and paraxylene were used with 80 g. of the trichloride. 
The reaction was completed in 4} hours ; yield 81 g. or 74 
per cent of the theoretical. Elbs obtained 60 to 70 per cent. 

Nxw Hayen, Bfa7, 1800. 
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ON DIACID ANILIDES.* 
Bt h. l. whbeleb. 

Fob conyenience of reference, diacid anilides may be divided 
into two classes. The first class will consist of those which 
have identical acid groups, such as diacetanilide, 

while the second class will contain those with unlike acid 
groups, and will be referred to as mixed diacid anilides, 
f onnylacetanilide, for example, 

Diacid anilides of the first class can be prepared by acting 
on the monoacid anilides with acid anhydrides ft ^^ ^^ 
chlorides. § They have also been obtained from the sodium 
salts of the anilides and acid anhydrides || and from the mu&h 
tard oils.^ 

Diacid anilides of the second class have not been obtained 
by any of the above methods. They could not be prepared 
by acting on the monoacid anilides ** or their sodium salts ff 
with acid chlorides, while attempts to prepare them by acting 
on the anilides with acid anhydrides, formanilide, and acetic 
anhydride, for example, did not give pure products. How- 
ever, the above method can be used with success in the prep- 
aration of what may be called semi-diacid anilides, since 
oxaniUde and oxalparatoluide give monoacetyloxanilide and 
monoacetyloxalparatoluide, %% t. e.y 

• Amer. Chem. Jour., xriii, No. 8, October, 1896. 

t Bistraycki and Ulifen, Ber. d. chem. Oes., xzrii, 01. 

I TaMinari, Ibid., R, zzyii, 681. { Kay, Ibid., xxyi, 2868. 

I Blacher, Ibid., xxyiii, 2866. H Kay, Ibid., xxyi, 284a 

•• Hctet, Ibid., xxiii, 8014. 
ft Paal and Otten, Ibid., xxiii, 2687. || Tassinari, Loc. cit 
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COJraCeH, CO^HCeH^CH, 

In two former papers * from this laboratory the action of 
benzoyl chloride on the silver and mercury salts of the ani- 
lides was described. It was then shown that these salts 
could be used for the synthesis of the hitherto inaccessible 
mixed diacid anilides, and that both silver and mercury f orm- 
anilide gave the same compound, t. e.y formylbenzaniUde 
C.H.N<gHO^^, etc. 

In the present paper it will be shown that the action of ali- 
phatic acid chlorides on silver f ormanilide and mercury acetani- 
lide is perfectly analogous to that of benzoyl chloride ; that 
the formation of mixed diacid anilides is general; and that 
these diacid* amlides react with alkali invariably with the 
separation of the lower acid radical and formation of the ani- 
lide of the higher acid, as follows : 

C.H.N< ^c^^ + NaOH = C«H,N< J^^ jj^ + NaOCHO 

By this reaction the mixed diacid anilides are shown to be 
nitrogen derivatives, and, since diacetanilide is formed from 
the mercury salt of acetanilide in precisely the same manner 
as the mixed diacid amlides, it is probable that the anilides of 
both classes have an analogous structure. 

In the latter part of this paper a notice is given of the ac- 
tion of acetyl and benzoyl chlorides on silver and mercury 
benzamide, and it is the intention of the author to extend the 
work to salts of other amides and imides. 

From silver f ormanilide and mercury acetanilide the follow- 
ing series of diacid anilides have now been prepared in this 
laboratory : 

* Wheeler and Boltwood, Amer. Chem. Jour., xriii, 881; Wheeler and 
McFarland, Tbid^ xriii, 640. 
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Acetylaoetanilide or Diacetanilide, 
Formylaoetanilide, Acetylpropionanilide, 

Formylpropionanilide, Acetyl-w-butyranilide, 
Formyl-n-butyranilide, Acetylisovaleranilide, 
Formylstearanilide, Acetylpalmitanilide, 

Formylbenzanilide^ Acetylbenzanilide. 

Method of Preparation. 

Silver f ormanilide or mercury acetanilide was suspended in 
dry ether or benzene and 1 molecular proportion of acid chlo- 
ride was added. In the case of the mercury salts it was 
found convenient to use only 1 molecular proportion of acid 
chloride, since, by this means, the presence of mercuric chlo- 
ride in the extract was largely avoided. The action then 
takes place chiefly as follows : 



/COCH. 
I ^'^NHg CI ICOR = C.H.N/COC^ ^ C.H.N/COCH. 
'' \COR \HgCl 

The action begins immediately with evolution of heat, and 
is complete in the case of the lower acid chlorides in a few 
minutes. After filtering from the silver chloride or the halo- 
gen mercuric compound, the filtrates in the case of the lower 
acid derivatives were shaken with water, and on evaporating 
the solvent the diacid anilides were obtained as oils. The 
purification and properties of these products are described 
below. 

AcetylacetanUide or Diacetanilide^ <y7iiV<^^^^*. — The 

preparation of this compound has received considerable atten- 
tion. Bistrzycki and UUEers * have carefully investigated the 
formation from acetanilide and acetic anhydride, and conclude 
that it is not to be obtained in a pure condition by the method 
of Reverdin and de la Harpcf They have shown that it can- 
not be obtained from aniline and acetic acid as stated by 
« Log. cit t Ber. <L chem*. Ges., zzii, lOOd. 

VOL. II. — 6 
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Gumpert)* and they also call attention to the fact that Erafft 
and Karsten f have shown that Hofmann :|: did not obtain this 
compound from phenyl mustard oil and acetic acid. They 
state that they obtained diacetanilide first in April, 1898. 
They were anticipated, however, by Kay, § who prepared this 
compound from phenyl mustard oil and acetic anhydride, as 
well as from acetanilide and acetyl chloride. Its preparation, 
according to the method of Bistrzycki and Ulffers has been 
confirmed by Tassinari, || while Blacher IT obtained it from 
sodium acetanilide and acetic anhydride. The work of the 
later investigators confirms that of Kay, and they refer to him 
for the properties of this compound. He obtained this diacid 
anilide as a clear colorless oil, boiling at 150° at 16 mm. pressure 
and solidifying to a mass of crystals, which on crystallizing 
from ligroln melted at 87°. 

The same compound results by acting on mercury acetani- 
lide with acetyl chloride. The product obtained from the 
benzene solution, in this case, was an oil which boiled at 150° 
at 17 mm. pressure, and the distillate soon solidified to a 
colorless mass of crystals, which on crystallizing from ligroln 
separated in eight-sided plates, melting at 87°. On warming 
with a dilute alcoholic solution of sodium hydroxide, acetani- 
lide was formed. 

Farmtflacetanilidey C^H^N< qqqj^ • — This was obtained as 

an oil which soon solidified. It was crystallized from a mix- 
ture of ether and ligroln, by evaporation under diminished 
pressure, when beautiful, colorless, prismatic crystals were 
obtained, melting at 56°. 

N 8.59 8.58 

Formylacetanilide is readily soluble in alcohol, ether, and 
benzene, but difficultly in ligroln. On boiling with dilute 

* J. prakt. Chem. [2], zxzii, 204. t Ber. d. chem. Ges., zxy, 460. 

I Ibid., iii, 770. J Loc. cit. 

I Loc. cit. T I<oc. cit 
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sodium hydroxide it dissolves, and, on cooling, acetanilide 
separates in plates melting at 114''. 

Formtflpropionanilidey C^H^N< qq q^ q^ . — The product 

of the action of propionyl chloride on both silver and mercury 
f ormanilides, in ether or benzene, either when obtained directly 
or when first shaken with bicarbonate of soda, was an oil 
which did not solidify in a freezing mixture. On attempting 
to purify it by distillation, at 18 mm. pressure, it decomposed 
with effervescence, the pressure increased, and, finally, when 
this ceased, propionanilide distilled over, boiling at 188° at 
20 mm. pressure. The decomposition possibly took place as 
follows: 

The oil gave propionanilide * melting at 105° when boiled 
with dilute sodium hydroxide. 

FormylnormaJJywtyranilide^ ^•^i^<(jO(OH^ Off' — "^^ 
diacid anilide was obtained only m the form of an oil and, 
like the preceding, it could not be solidified or distilled with- 
out decomposition. When an attempt was made to distil 
this crude product at 20 mm. pressure, it boiled from 164° to 
185°. This fraction was distilled again at 20 mm. pressure, 
when the larger portion, a clear colorless oil, was collected 
between 172° and 180°. On standing, this fraction deposited 
plates, melting from 90° to 92°. The distillate was therefore 
a mixture of the diacid anilide with butyranilide.f The latter 
was obtained when the oil was boiled with dilute alcoholic 
sodium hydroxide. 

Formt/UtearanUidey (^•^i^<(yQ((yff\ Qff* — The stearic 

acid used in this experiment melted from 60° to 70°. From 
this the chloride was prepared according to the method of 
Krafft and Biirger.^ In this case silver f ormanilide, suspended 

* Eelbe, Ber. d. chem. Ges., xri, 1200. 

t Gerhardt, Ann. Chem. (Liehig), Izxxrii, 166. 

t Ber. d. chem. Ges., zrii, 1880. 
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in ether, was used. On eyaporating the ethereal solution 
minute, flattened, colorless crystals were obtained. These, on 
ciystallizing repeatedly from ether, melted at 6V. 

w,^,^^ Oalcnlatod for 

N 3.34 3.61 

Formylstearanilide is extremely soluble in benzene, chloro- 
form, ligrom, and carbon disulphide, easily in ether, but less 
readily in cold alcohol. On heating the diacid anilide a de- 
composition takes place, as follows : 



*r 



iC^H^N^^P^ = C.H^C + HOCO(CH,)xeCH, 

dO(CH,)ieCH, 

When the alcoholic solution is warmed with potassium 
hydroxide, a bulky mass of colorless needles separates ; these 
melt from 98° to 94°, and the product is therefore stearanilide.* 

CO Off 
AcetylpropiananUidey C^ffgN^ ^q qj^ ^^ . — The product 

in this case was distiUed at 18 mm. pressure, when a clear 
colorless oil was obtained, boiling from 169° to 160°, which 
did not solidify in a freezing-mixture. 

'°-*- ^^SSS'of 

N 7.46 7.33 

Acetylpropionanilide is readily soluble in ether and benzene. 
When the analyzed substance was warmed with dilute sodium 
hydroxide and the product crystallized from dilute alcohol, 
plates of propionanilide were obtidned, melting at 105°. 

AcetylnorrnalbutyraniUde^ ^•^i^KnQ/Off^ Off'* ^^^^ ^ 
tained as a clear, colorless oil, boiling at 163° under 18 mm. 
pressure. 

round. 0„H,^Oa. 

N 7.18 6.83 

When warmed with sodium hydroxide in alcohol, it gave 
butyranilide melting from 90° to 92°. 

« Pebal, Ann. Chem. (Liebig), xd, 162. 
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00 Off 
Aeetylisovaleranilidej C^H^NK, ^q ^^^ q^^ OH^^ — The iso- 

valeiyl used in this experiment boiled from US'* to 116®. 
The diacid anilide was an oil which was distilled at 18 mm. 
pressuie. The fraction boiling at 161.5® to 167® was col- 
lected and redistilled at the same pressuie, the larger portion 
then boiled between 164® and 165®. 

vm.. J Oaloolated for 

'«»d. CtfH„NO,. 

N 6.46 6.39 

The product obtained on boiling this with alcoholic sodium 

hydroxide was crystallized from dilute alcohol and finally from 

a mixture of ligroln and benzene. It then melted at 115® and 

was therefore isovaleranilide.* 

COOff 
Aeetylpdlmitanilidej ^9^6^K(jO(Gff) Off' — ^^® pahnitic 

acid used in this case melted from 61® to 62®. It was con- 
verted into the chloride according to the directions of Krafft 
and Burger.f The diacid anilide was obtained as an oil, 
which readily solidified. It was dissolved in cold ligroln, 
filtered from a small amount of acetanilide (?), and the solu- 
tion was then evaporated to dryness, the residue dissolved 
in alcohol, and the diacid aniUde precipitated with a smaU 
amount of water. It was then crystallized several times from 
ether, a rather unsatisfactoiy operation on account of its great 
solubility. It was thus obtained as a compact mass of color- 
less, indistinct, microscopic crystals, melting from 60"* to 61®. 

.^,^ . Calonlmted for 

'«»d. c,iA^o^ 

N 3.64 3.75 

On warming this product with alcoholic potassium hydroxide 
it gave palmitanilide J melting from 90® to 91®. 

JSxperiments with Silver and Mercury Benzamide. 

It would be expected that the silver and mercury salts of 
the amides would react with acid chlorides in an analogous 

• CMozza, Ann. Chem. (Liebig), Izxziy, 109. t Loc. cit 

t HeU and Jordanow, Ber. d. chem. Ges., xziT, M& 
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manner to the corresponding salts of the anilides, and that 
diacid amides would residt as the chief products. This, how- 
ever, is not the case with either silver or mercury benzamide. 
Although sUver benzamide reacts with alkyl * halides precisely 
like silver formanilide, f t. «., in both cases imido-ethers result, 
on the other hand, with acid chlorides, silver and mercury 
benzamide give chiefly benzonitrile. This reaction, in the 
case of the silver salts, if represented as a direct double 
decomposition, would be as follows: 



NH 

^ ^NH 

CeH,C-0:Ag + CliCOCH, = C«H.cf + AgCl 
^O.COCH, 



and 



NjH 
^ i 

CAqOCiO^ = CACN + HOCOCH^ 



This apparently parallel reaction with alkyl halides would 
not be surprising if it were not for the entirely opposite reac- 
tions of the salts of the anilides. 

In the case of the action of benzoyl chloride on mercury 
benzamide, using molecular proportions of the acid chloride, 
the yield of benzonitrile was about 72 per cent of the calcu- 
lated. A direct double decomposition in this case again would 
be represented as follows : 




COCeH, = 



o.coCeH, .: 



^NH 



* Tafel and Enoch, Ber. d. chem. Q«8., xziii, 104. 
t Comatock and Eleeberg, n>id., zii» 408. 



NH 
OHgCl' 



Digitized by VjOOQIC 



and CeHjC/ i 



ON DIACID ANILIDES. 71 



NiH 



= CeH,CN + HOCOC^H^ 



While hitherto there has been no reason to assign to the 
salts of the amides a structure different from those of the 
anilides, this must now be done if the action of acid chlorides 
on these salts is a direct double decomposition, as shown above. 
For this reason these methods of representing the reactions 
are objectionable. It is far more probable that it is not the 
structure of the salts which varies in these tautomeric reac- 
tions, but that it is the mechanism of the reactions which 
undergoes change in different cases. It is probable in some 
cases that unstable addition-products * occur which break up 
into simpler products, and in other cases that double decom- 
positions take place. The chief course of the reaction being 
influenced, not only by the union of the atoms or groups in 
the molecules reacting, but also by their chemical and physi- 
cal nature and spacial arrangement. 

Nxw Haybh, June, 1896. 

• Nef, Ann. Chem. (Liebig), ccIxxxtU, 200; and Froc Amer. Acad., May, 
1808,169. 
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ON THE ACTION OF ACID CHLOBmES ON THE IMnX)- 
ESTERS AND ISOANILIDES, AND ON THE STEUO 
TUBE OP THE SILVER SALTS OF THE ANIUDES.* 

Bt H. L. WHEELEB AifD p. T. WALDEN. 

It has been shown in lecent papers f irom this laboratoij 
that the silver salts of the anilides react with acid chlorides 
giving diacid anilides, and, therefore, as if they had the 
structure 



C«H, 

1/ ^ kf. 



provided the action be considered as a direct replacement or 
double decomposition. The conclusion that follows from these 
reactions, with the above proviso, t. e., that the silver salts 
have the metal joined to nitrogen, is directly opposite to that 
obtained by the action of alkyl halides. :|: In the latter case 
it was concluded that the metal was joined to oxygen, since 
isoanilides or substituted imido-ethers were obtained. 

These contradictory reactions are certainly not to be dis- 
missed with the statement that they are due to tautomensm. 
The products obtained by acting on the silver salts with acid 
chlorides retained silver halide persistently, and it was con- 
sidered possible that the reaction wa% not a double decompoBitiony 
hut that it took place first by addition then separation of silver 
halide. Two forms of addition-products were considered, ac- 
cording to whether the silver salts are derivatives of the type 

♦ Amer. Chem. Jour., xix, No. 2, February, 1897. 
t Wheeler and Boltwood, Ibid., xriii, 881 ;. Ibid., 696. 
X Comstock and Eleeberg, Ibid., xii, 495. 
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,^*^Ag or RCf .as follows: 

CACO-N-E ^^^^^ 

HC-a and K-N<5g 

Before proceeding to the discussion of the probable struc- 
ture of the silver salts, it is evidently desirable to study the 
action of acid chlorides on compounds that are definitely con- 
stituted according to one of the above types. The isoanilides 
and the free imido-esters were therefore selected with the 
object of determining in what manner the acid chlorides 
would react with compounds which undoubtedly contain the 

atomic grouping RC^^^t.^,, since this grouping is generally 

assumed to exist in the silver salts of the amides and anilides. 
We find that the reaction takes place readily at ordinary 
temperatures and goes quantitatively in two ways, according 
to whether the imido group in the imido-ester is substituted 
ornot. 

2%e Action of Acid Cfhloridei on the Isoanilides. 

The substituted imido-esters or isoanilides react with acid 
chlorides as follows : 

.Nan, /^<cbdH,. 

HC^ + ClCOCeH, = HC-Cl 

OCH, ^OCH, 

This intermediate addition-product immediately decom- 
poses with the evolution of methyl chloride, and a mixed 
diAcid amlide results: 

HC-:Ci = HC + CH,CL 

OiCH,: 
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The mixed diacid anilides thus obtained decompose with 
alkali, giving the mono-acid anilide of the higher acid group, 
thus showing that they have both acid groups attached to 
nitrogen. That the isoanilides react so readily with acid 
chlorides is due to the double union between carbon and 
nitrogen, since, were it otherwise, the acid chloride would 

have to act by double decomposition on the group — C— OCH«. 
Such a direct double decomposition is evidently impossible, 
since it has been found that one of the characteristic proper- 
ties of the group — C— OCHs is that it is not acted on by acid 
chlorides. Indeed on this fact is based the general method of 
determining the presence or absence of this group in com- 
pounds which may contain either this or hydroxyL In such 
cases, as is .well known, the latter alone reacts with acid 
chlorides. That this reaction is not a direct double decom- 
position or replacement of the alkyl group by the acid radical 
is also shown by the fact that non-substituted imido-esters 
react with acid chlorides with the separation of hydrogen 
chloride instead of alkyl chloride (see below). It is at once 
evident that the only reaction which will explain the different 
behavior of the imido esters and isoanilides toward acid chlo- 
rides and which will be general for both cases is that of 
addition. 

The reactions of acid chlorides on the isoanilides and imido- 
esters are the first that have been obtained, in the case of sub- 
stances that have, or are supposed to have, the structure 

KC^^ , which admit of only one general interpretation, 

and in which the so-called tautomerism or wandering of 
groups is excluded. They show that the so-called tauto- 
meric or contradictory reactions in the case of the silver salts 
are to be explained by addition.* We are now in a position 
to discuss the structure of the silver salts. 
It is to be noticed that the above reactions of the isoanilides 

* Compare Nef, Ann. Chem. (Liebig), cclzx, 208. 
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are perfectly analogous to the action of the acid chlorides on 
the silver salts of tiiie anilides, and the course of the reaction 
in the latter case is, therefore, to be interpreted as follows, 
the addition taking place according to type A as given above : 

C,H,CO-N-C,H, 

^NC.H. / _ 

HCX + ClCOCeH, = HC-:C1 

^OAg \j 

(%: 

HC/ COC^, + AgCL 


From which it follows that the silver salts of the anilides 
have the metal joined to oxygen as first stated by Comstock 
and Kleeberg.* 

The Action of the Acid CMoridei on the Imido-Bsteri. 

The nouHsubstituted imido-esters react with acid chlorides 
as follows : 



COC«H| 



I 



CH,cf +ClCOCA = C,H,C-iCr I. 

This intermediate addition-product, like the preceding, im- 
mediately decomposes, not however with the evolution of ethyl 
chloride, as in the case of the isoanilides, but by separation of 
hydrogen chloride. (This happens because chlorine has a 
greater tendency to unite with hydrogen than with methyl or 
alkyL) The hydrogen chloride liberated in this manner com- 
bines with the excess of imido^ther, and the products obtained 
are formed as follows: 

2C Acf + aCOCeH, = 

^A .NCOCA ^ 

C AC^ + C AO-Cl • 

OCA "^OCiH, 

•Loccit 
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When the acyl imido-esters are treated with acid, or when 
they are exposed to the air for some time, they take up a 
molecule of water and decompose into diacid amides as 
follows : 

N-COC,H, 
NCOC,H, / \h 

C,B.fi^ + H,0 = CeH,C-iOHi • 

0!C,H,| 

The above decomposition is perfectly analogous to the 
action of the silver salts of the amides * and anilidesf with acids, 
and finally this decomposition proves that the diacid amides — 
like the diacid anilides — have both acid groups attached to 
nitrogen, and the statement no longer holds true that diacid 
amides of the type R — CONHR, are still unknown,^ or that 
in the present state of our knowledge dibenzamide may have 

the structure § ^fifi<^yQQQ g • 

In jhct, diacid amides of the latter type, with the acyl group 
attached to oxygen, are probably incapable of existence. This 
conclusion has been reached through the following considerar 
tions : It has been shown in a recent paper|| from this labora- 
tory that silver benzamide reacts with acid chlorides, giving 
benzonitrile, and therefore differently from the silver salts of 
the anilides, which give diacid anilides.^ It has been shown 
above that in all probability the action of acid chlorides on 
silver f ormanilide takes place by addition. Therefore, in the 
case of benzamide, it must be double decomposition. (This 
was previously stated as the only simple explanation.) The 
resulting isodiacid amide is formed and breaks up as follows: 



^•^<OAg + ^«^^^ = ^'^<iQCOR^ 



+ AgCL 



* Tafd and Enoch, Ber. d. chem. Ges., xziii, 106. 
t Comstock and Clapp, Amer. Chem. Jour., ziii, 626. 
X Pinner, Die Imido&ther and ihre Derivate, p. 9. 
§ Pinner, Ber. d. chem. Gee., xzt, 1486. 
II Wheeler, Amer. Chem. Jonr., zyiii, 70L 
i Wheeler and Boltwood, loc. cit. 
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ITie Action of the Halogens on the Imido-JEsters. Halogen 
Imtdo-Hsters. 

So for only the action of bromine and iodine have been 
tried. The lesult is precisely similar to that of the action of 
acid chlorides, two molecules of the imido-ester react with one 
molecule of halogen, giving halogen imido-esters and halogen 
hydride salts of imido-ester, most likely as follows: 

.1 



;>NH / 



N<^ 



Hi 



\OCH,* 



CeH,C— T +CeH,C< =C,H,Cf + 

^OCH. ^^^» <^<^^ 

Experivnental Part. 

FormylaeetanUide^ O^H^N< qqq^ • — Acetyl chloride reacts 

on phenylf ormimidoethyl ester * at ordinary temperatures with 
a violent evolution of ethyl chloride. It is best to modify the 
reaction by diluting with a dry solvent. The following pro- 
cedure proved satisfactory: 5 g. of imido-ester were mixed 
with 5.6 g. of acetyl chloride in a mixture of ether and 
ligroln. The evolution of ethyl chloride took place smoothly 
and a colorless oil separated. The whole was allowed to 
stand for twelve hours. The oil was then taken up with 
ether and shaken with a solution of sodium bicarbonate. 
On evaporating off the ether an oil was obtained which, after 
standing several days, was distilled at 23 mm. pressure, when 
practically the entire quantity distilled from 157° to 168°. 

* Prepared from the flilrer salt of f ormamlide and ethyl iodide : Comstock 
and Kleeberg, Amer. Chem. Jonr., loc. dt. 
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It Teas then cooled in a freezing-mixtoie and, on stirring, it 
solidified. After pressing on a porous plate, it ivas crystallized 
from a mixture of ether and ligroln, when beautiful, thick, 
brittle crystals were obtained melting from 56° to 57°. This 
material proved to be identical with f ormylacetanilide obtained 
from silver formanilide and acetyl chloride.* On treating it 
with sodium hydrate, acetanilide was formed. 

Formylbemanilide^ O^H^N<i (jqqjj* — Oi^ mixing molecu- 
lar proportions of phenylformimidoethyl ester and benzoyl 
chloride, the reaction takes place more quietly than in the 
previous case. After the evolution of ethyl chloride ceases 
the material gives needles. When crystallized from alcohol 
these melt at 112°, and in other respects are identical with the 
products obtained from silver and mercury formanilide with 
benzoyl chloride. When treated with sodium hydrate it gives 
benzanilide. It was stated in a previous paper f that '^ a mix- 
ture of benzanilide and formylbenzaniUde can readily be 
distinguished when crystallized from alcohol. The former 
separates first in needles; the latter forms a supersaturated 
solution, and on shaking deposits plates." This is a mistake, 
as it is just the reverse. The formylbenzaniUde is the least 
soluble and comes down first in needles. 

Formt/lbemeneaulphananilide, O^^N<^^qL jg^ . — Phenyl- 
formimidoethyl ester and benzene sulphochloride react slowly 
at ordinary temperatures. 4 g. of the imido-ether and 4.7 g. 
of benzene sulphochloride were mixed and kept at a tem- 
perature of about 88° to 48° for two days. The mixture 
then became semi-solid. It was washed with alcohol and the 
residue crystallized from strong alcohol, when beautiful, color- 
less, radiating needles were obtained. These melted at 148°- 
149°. This material on analysis gave the following results : 

N 6.2 6.3 

• Amer. Chem. Jour., xriii, 008. 
t Wheeler and Boltwood, Ibid., 881. 
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Half a gram of the analyzed material ivas boiled with a 10 
per cent solution of sodimn hydrate. Solution took place, 
and on cooling, nothing separated; dilute hydrochloric acid 
was then added, and the resulting colorless precipitate was 
washed with water and dried in the air. It melted at 110° 
without further purification. This was therefore benzene- 
sulphonanilide. In the case of this mixed distcid anilide, as 
well as in all previous cases, alkali first removes the lower 

add group. 

CMO 

Farmt/lbenzarthotoluidej CH^C^^NK COCJS' — Molecular 

proportions of orthotolylformimidomethyl ester and benzoyl 
chloride were mixed, and the whole heated to 80° until the 
evolution of methyl chloride had stopped. The mass was then 
poured into a little alcohol, when rectangular, colorless, shining 
plates separated. These melted at 91°, and when carefully 
crystallized from strong alcohol the melting-point did not 
change. The melting-point of this compound is therefore 91°, 
and not 92°, as previously stated.* It gave benzorthotoluide 
when treated with alkali. 

Formiflbenzparatoluidej OJB^ C^^N< qq q ^. — This was 

prepared from paratolylformimidomethyl ester in the same 
manner as the preceding compound. It was identical with 
the compound prepared from mercury formparatoluide and 
benzoyl chloride*! Its melting-point is more nearly 102° than 
101°, as previously stated. When treated with alkali it gave 
benzparatoluide. A similar decomposition into the mono-acid 
anilide is slowly caused when this and the preceding com- 
pound are boiled with dilute alcohol. 

Aeyl Imido-Uiters. 

BenzoyliTnidoethyl Benzoate^ ^•^'^OC^ ~ When 

benzimidoethyl ester and benzoyl chloride { are mixed (in 

* Wheeler and Boltwood, Amer. Chem. Jour., zriii, 881. 
t VHieeler and McFarland, n>id., 540. 

t The pure henzimidoethyl and methyl estert for thif work were prepared 
according to Bnahong's excellent method. n>id., 490. 
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ethereal solution) in the proportion of two molecules of the 
former to one of the latter, and allowed to stand for twelve 
hours, snow-white needles separate. These consist of the 
hydrochloride of benzimidoetiiyl ester. On filtering and 
concentrating the ethereal solution, colorless, spear-like, or 
lozenge-shaped crystals separate. These were carefully crys- 
tallized from dilute alcohol for analysis. The pure material 
thus obtained melted at 65^. 



Vounda 



Oalonlated f or 
CuHuNO^ 



C 76.3 75.9 

H 6.1 5.9 

N 5.5 6.6 

Benzoylimidoethyl benzoate is stable towards alkali in the 
cold ; acids on the other hand readily convert it into dibenz- 
mide. When the dilute alcoholic solution is warmed with a 
few drops of dilute sulphuric acid, needles of the diacid amide 
are obtained, melting at 148^. 

Acett/Umidamethyl Benzoate^ ^^^^\OCnL *' — Benz- 

imidomethyl ester and acetyl chloride, in the proportion of two 
molecules of the former to one of the latter, were mixed in 
ethereal solution. After twelve hours the hydrochloride of the 
imido-ester was filtered off, and on evaporating the ether an 
oil was obtained. This was distilled at 20 mm. pressure, when 
about one-third passed over below 140**, and the remainder at 
about this temperature. The portion boiling at 140^ was 
redistilled at 16 mm. A few drops were removed below 139°, 
and then the remainder boiled ahnost entirely at this temper- 
ature. This fraction on cooling in a freezing-mixture did not 
solidify. It was analyzed with the following result : 

v^»«;i Oaleolated for 

^<"^ C,oH„NO» 

N 8.12 . 7.91 

The portion mentioned above, boiling below 140®, consisted 
of unaltered imido-ester and benzonitrile (?). When acetyl- 
imidomethyl benzoate is mixed with a little alcohol and a 
few drops of dilute sulphuric acid added, evolution of heat 
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occTiTS, and the whole on cooling solidifies to a mass of color- 
less prisms or needles. This material is acetylbenzamide, 
which melts at 120°.* 

Acetylimidoethyl Bemoatej ^9^$of^Qn ff *• — ^^^ ^^** 

prepared from benzimidoethyl ester and acetyl chloride in the 
same manner as the above acyl imido-esters. The ethereal 
solution was washed with dilute sodium hydroxide and water. 
On evaporation, an oil was obtained which was distilled at 
18 mm. pressure. About one-third was collected below 140.5^ 
and the remaining two-thirds from 140.6° to 147.5°. 

The larger portion was again distilled at 17 mm., when the 
greater part boiled at 151°. A nitrogen determination of this 
gave the following result: 

vu...^ Caloolatod for 

N 7.65 7.33 

When acetylimidoethyl benzoate is treated with dilute sul- 
phuric acid, as described in the case of the methyl compound, 
it is converted into acetbenzamide with evolution of heat. 

Halogen Imtdo-Esters. 

The first representatives of this class of compounds in the 
benzoic acid series have just been prepared by Stieglitz,t who 
describes chlorimidoethyl benzoate and bromimidoethyl benz- 
oate. He obtained these compounds by acting on the imido- 
ester hydrochlorides with sodium hypochlorite and hypo- 
bromite. These interesting compounds were obtained as oils 
which in the case of the chlorine compound was found to 
distil unchanged at 16 mm. pressure. % 

We have found that bromimidomethyl benzoate and the 
analogous iodimidomethyl ester result, along with other prod- 
ucts, by directly combining the free esters with the halogen. 

• Fhmer, Ber. d. chem. Ges., xxr, 1436. 
t Amer. Chem. Jour., xriii, 751. 

I It Ib intereBtiiig to note the great stability of thia substitated nitrogen 
chloride. 

TOL. n. — 6 
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Bromimidamethyl Benzoate^ (7^,(7^^ . — This was ob- 
tained as a pale yellow oil of pleasant odor, which can be dis- 
tilled below 20 mm. pressure. It reacts with strong aqueous 
ammonia with effervescence, giving off nitrogen. Dilute hy- 
drochloric acid evolves bromine. It is therefore identical in 
properties with its homologue bromimidoethyl benzoate de- 
scribed by StiegUtz. 

lodimidomethyl Bemoate^ ^^^ \0CR' — Iodine reacts 

with benzimidomethyl ester very slowly. After warming 
the mixture on the water-bath for several days the mass was 
extracted with ether, the ether shaken with solid potassium 
hydrate, and the uncombined iodine removed. On evaporating 
off the ether in a vacuum desiccator over potassium hydrate, 
the iodimidomethyl benzoate was obtained as a light yellow oil, 
mixed with unaltered imido-ester. A small amount of color- 
less needles separated. They were insoluble in water and 
boiling alcohoL They melted from 222*^ to 228** and were 
probably triphenyltricyanide or cyaphenin. When the above 
oil was treated with strong ammonia, it turned black from the 
separation of iodine. Dilute nitric acid gave the same result. 
On attempting to distil the crude product at IS mm. pressure, 
it decomposed with the separation of iodine. 

Owing to the appearance of Dr. Stieglitz's paper, and since 
he states his intention of further investigating these com- 
pounds, the work on the halogen imido-esters has been aban- 
doned by us at this point. We desire to reserve the work on 
acyl imido-esters for ourselves, and it is our intention to in- 
vestigate the action of other acid chlorides on the imido-esters 
and isoanilides, and also to examine the reactions of the acyl 
imido-esters more thoroughly. 

Nbw Hatbh, November, 1896. 
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ON THE ACTION OF CHLORCARBONIO ETHYL 
ESTER ON FORMANILIDE.* 

Bt H. L. WHEELER axd H. F. METCALF. 

Sixteen years ago LeUmaunf made the interesting observa- 
tion that chlorcarbonic ethyl ester reacts energetically with 
fonnanilide, while with acet- or benzanilide no reaction was 
obtained, even on heating under pressure. Lellmann isolated 
and identified diphenylf ormamidine as one of the products of 
the reaction. He explained the formation of the amidine by 
stating that perhaps f oimylphenylurethane is formed, and that 
this compound appears to be quite unstable, two molecules 
breaking up into the amidine, carbon dioxide and ethyl oxalate. 
Formylphenylurethane has been prepared by us by the ac- 
tion of chlorcarbonic ethyl ester on phenylimidoethyl formate 
or ethylisoformanilide. The reaction is precisely similar to 
the action of other acid chlorides on the isoanilides, and it 
takes place as follows : f 

CeH,N=CHOC,H, + CICOAH, = CeH,NCHO.CO,C,H, + 

C,H,C1. 

The products being formylphenylurethane and ethyl chlo- 
ride. Thus prepared, it is an oil which can be distilled with 
little or no decomposition. It is no more unstable than other 
mixed diacid anilides, and it does not suffer the above-men- 
tioned decomposition. When warmed with acid or alkali, the 
formyl group is removed and phenylurethane results. It will 
be shown below that no ethyl oxalate is formed in the action 
of chlorcarbonic ethyl ester on f ormanilide, and that therefore 
Lellmann's explanation is incorrect. 

* Amer. Chem. Jour., xix, No. 8. 
t Ber. d. chem. Oes., zir, 2512. 
I Amer. Chem. Jour., xix, 129. 
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Just recently Freer and Sheiman * have undertaken a re- 
examination of this reaction. They isolated the amidine, and 
state that in addition to this they obtained an oil which was 
washed with water, and which would not solidify, while *^ after 
slight wanning it broke down, giving off a gas and changing to 
diphenylformamidine, thus showing conclusively, according to 
Wheeler,! that it was ethylisof onnanilide, C*H,N=CHOC,H»." 

If Freer and Sherman had examined the oil more carefully, 
which is obtained accordiog to their directions, they would 
have found that it is not ethylisof onnanilide. Moreover, it 
does not contain the slightest trace of this compound. The 
properties of the oil and the fact that it even partially with- 
stood the treatment it received, show conclusively that it was 
not ethyUsoformanilide. Ethylisoformanilide or phenylimido- 
ethyl fonnate was first obtained by Comstock and Clapp.) 
These authors describe it, as stated in Beilstein's Handbuch,§ 
as an oil boiling from 213'' to 215'' at 741 mm. pressure. || In 
the article to which Freer and Sherman refer this imido-ester 
was not described as an oil which decomposes on distillation, 
but which boils at 18 mm. pressure at about 106"". Under 
these conditions it has therefore almost the same boiling-point 
as its isomeric imido-ester, t. «., imido ethyl benzoate.^ 

Ethylisoformanilide and all the other isoanilides prepared in 
this laboratory •• differ from the imido-esters of Pinner, urns- 
much as they cannot be washed with water without decom- 
position ; indeed, on exposure to the moisture of the air, they 
soon solidify, changing into the corresponding amidines, or 
regenerating the formyl compound. The peculiar penetrating 
pleasant odor of the isoanilides, like that of the imido-esters of 
Pinner, is characteristic, and traces of these compoimds can 
readily be detected by their odor. This odor was entirely 
lacking in the above-mentioned oiL 

• Amer. Chem. Jour., xriii, 679. t Ibid., xriU, 381. 

X Ibid., xiii, 627. § Dritte Auflage, p. 86a 

R Compare also Claisen, Ann. Chem. (Liebig), cclzzxrii, 864. 
T BuBhong, Amer. Chem. Jonr., zriii, 490. 
•• Ibid., xii, 499; xiu. 615, 626. 
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If ethylisoformanilide is formed in the action of chlorcar- 
bonic ester on formanilide, which most probably is the first 
step of the reaction, its existence would naturally be very brief 
in the presence of chlorcarbonic ester, and, as shown in this 
paper, it would further react, not only with the chlorcarbonic 
ester, giving formylphenylurethane, but also probably with 
hydrogen chloride and the water, which are formed as by- 
products. 

From this and the following it will be seen that hitherto the 
only products which have been accurately identified in this 
reaction are diphenylformamidine hydrochloride and carbon 
dioxide. By a more thorough examination of this reaction 
we have obtained the following as final reaction-products: 
Diphenylformamidine hydrochloride, formylphenylurethane 
phenylurethane, carbon dioxide, carbon monoxide, and ethyl 
chloride, and the oil which Freer and Sherman state is ethyl- 
isoformanilide will be shown in the experimental part of this 
paper to be a mixture of the nitrogen derivative fonnphenyl- 
urethane, phenylurethane, and any unaltered f ormanilide. It 
must also have contained some chlorcarbonic ester when they 
attempted the distillation. It frequently has a slight odor re- 
sembUng monochlorethylacetate, which possibly comes from a 
slight impurity in the carbonic ester. At any rate the quan- 
tity of this material is extremely small. 

The formation of the above products would seem to indicate 
that f ormanilide and silver f ormanilide react with chlorcarbonic 
ethyl ester in the same manner, except that in the case of f or- 
manilide the reaction is complicated by the secondary reactions 
of hydrogen chloride. The products in these two reactions 
are identical, so that one general equation may represent the 
primary reaction as follows: 

Hcf^ =Hcf _ +KC1, 

0|R + Cl!CO,C,H, OjCC^C,H, 

the unstable isodiacid anilide thus formed separating carbon 
dioxide, which is frequently the case with chlorcarbonic ester 
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reactions, giying phenylimidoethyl formate. Here, however, 
it has only a brief existence, as it immediately reacts with the 
chlorcarbonic ester, giving formylphenylnrethane and ethyl 
chloride as follows : * 

HCf + C1C0,C,H, = HC-iClj. 

On the other hand, the ingenious suggestion of Freer and 
Sherman to account for the formation of ethyUsoformanilide, 
may represent the primary course of the reaction if formani- 

lide has the structure >^ ". They assume that the 

chlorcarbonic ethyl ester adds on the nitrogen, which then be- 
comes pentavalent, and the addition-product thus formed de- 
composes into the imido-ester, carbon dioxide, and hydrogen 
chloride. It is to be noticed that if the reaction takes place 
in this manner, it is analogous to the action of other acid 
chlorides on the anilides, at least in regard to the fonnation of 
an intermediate pentavalent nitrogen addition-productf 

At any rate, there is little doubt that phenylimidoethyl 
formate is the first product of the reaction. Wallach J has 
shown that hydrogen chloride converts formanilide into di- 
phenylformamidine hydrochloride, possibly as follows : 
2CeH5NHCHO = Ci»Hi,NaHCl + CO + H,0. 

This and the &ct that the isoanilides are converted into 
amidines by hydrogen chloride § accounts for the formation of 
carbon monoxide and the amidine hydrochloride in the above 
reaction. The formation of carbon monoxide may also be 
due to the displacement of the f ormyl group, as formyl chlo- 
ride, which decomposes into the oxide and hydrogen chloride. || 

* In the case of the silyer salt a smaU amount of ethyUsoformanilide was 
actually isolated. It is therefore evident that the chlorcarbonic ester has a 
greater tendency to react with the silver salt than with the isoanilide, while 
in the case of formanilide the facts are the reverse. 

t Pictet, Ber. d. chem. Ges., xxiii, 8015. % Ibid., xv, 208. 

§ Comstock and Kleeberg, Amer. Chem. Jour., xii, 403. 

II Compare Pictet, loc. dt. 
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Fonnylphenyluiethane may be a secondary product, and re- 
sult from the action of the chlorcarbonic ester on the isoani- 
lide first formed, or it may be a primary product, as follows : 

HCf + C1C0,C,H, = HC-iCi 1 

^OH \OiH| 

its formation then being analogous to that of the diacid 
anilides from the silver salts* and from the isoanilides.t 
Phenylurethane naturally results from f ormylphenylurethane, 
since all mixed diacid anilides, by treatment with acids, first 
liberate the lower acid radicaL 

Thus it will be seen that the formation of all the products 
of the action of chlorcarbonic ethyl ester on formanilide can 
readily be explained whether formanilide, as its name implies, 
is an anilide with the structure HCO.NHC^^ or whether it 
has the imido structure and is phenylimidoformic acid. Its 
structure cannot, therefore, be determined by the final reaction- 
products in this case, but the analogy which this reaction 
shows with that of the silver salt is strongly in favor of the 
imido formula. 

The recent work bearing on the structure of formanilide 
appears to favor the view that this compound is an imido acid. 
Cohen and Archdeacon % conclude, from their interesting work 
on sodium alcoholate addition-products of the anUides, that 
the structure of formanilide, and indeed also of other aniUdes, 
is best represented by the imido formula. 

Claisen, § on the other hand, has recently given what at first 
sight appears to be a strong argument for the amide structure, 
f. «., that the sodium salts of the true oxymethylene com- 
pound, oxymethylene camphor, for example, give 0-esters 
with ethyl iodide, while formanilide does not. He carries, 
however, this analogy, or lack of analogy, too far when he 
states that if formanilide has the structure OeH,N=:CHOH, 

« Wheeler and Boltwood, Amer. Chem. Jour., zyiii, 881. 

t Wheeler and Walden, Ihid., xix, 129, 

X Jour. Chem. Soc (1896), 91. { Ann. Chem. (Lieblg), cclxxzTii, 800. 
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it should boil lower than its 0-ethyl derivative, C,H5N= 
CHOC,Hi, while the fact is that formanilide boils higher. 

He arrived at this conclusion from a consideration of the 
boiling-points of the following compounds : 

B. p. B. p. 

Oxymethylene camphor, 251** 0-Ethyl derivative, 270** 

Oxymethylene-acetoacetic ester, 200° 0-Ethyl derivative, 266° 

Oxymethylene-acetylacetone, 190°-200° 0-Ethyl derivative, 257° 

The objection to this reasoning is that the above compounds 
do not contain the nitrogen-carbon grouping — N=CHOH in 
question, but the carbon-carbon grouping =C=CHOH, which 
is assumed to be analogous without sufficient reason. For it 
might be argued that compounds containing the nitrogen-carbon 
grouping — N=CHOH would show differences in the boiling- 
points similar to those containing the oxygen-carbon grouping 
0=CHOH, that is, that the imido-acids and their esters would 
be expected to correspond with the simple acids and their 
esters, and, since the acids boil higher than their esters and 
formanilide higher than its ester, the structure CeH^NssCHOH 
is the correct one for formanilide. 

For example : 

B. p. B.P. 

0=CHOH, 99° 0=CHOC,H» 54°.4 



0=C(CHs)OH, 118° 0=C(CH^0C,H5, 77 

0=C(C,H,)0H, 260° 0=C(CeH8)0C,H, 213' 



o 



JO 



CeH,N=CHOH, 294° CeH5N=CHOC,H5, 212° 

Similar reasoning to that which has led Claisen to consider 
formanilide as an anilide may be employed to show that it is 
not. For if instead of drawing conclusions in regard to its 
structure from comparison of compounds containing the group 
=C=CHOH with their ethyl esters, a comparison is made 
of compounds containing the group = C— CHO, with what 
theoretically would be their O-derivatives, we find that the 
compounds with the true f ormyl group, in this case also, boil 
lower than the 0-ethyl derivatives. Therefore, since the boil- 
ing-point of formanilide does not correspond with this series, 
formanilide must have the imido structure. 



Digitized by 



Google 



ETHYL ESTER ON FORMANILIDE. 89 

For example : 

B. p. B. p. 

H,C-CHO, 20^8 H,C=CHO--C,H,, 35^.5 

(CH,),CO-CHO, 63° (CH,),C=CH0C,H5, 92*^-94° 

CH,(C,H,)CH-CHO, 90° CH,(CA)C=CH0C,H8, 111° 

CeH^Cni-CHO, 294° C«H»N=CHOC,H„ 212° 

This shows that there is no analogy to be expected between 
the boiling-points of oxymethylene derivatLves containing the 
group =C=CHOH with formanilide. On account of the 
relation which exists between the boiling-points of acids and 
their esters, and since formanilide or phenylimidof ormic acid 
and its ester show this same relation, the conclusion to be 
drawn (if any) from the boiling-points is that formanilide has 
the imido structure. 

Although the group — N=CHOH may exist in formanilide, 
it cannot exist in the secondary anilides, that is, in such com- 
pounds as methyl formanilide, or in the diacid anilides, benzoyl 
formanilide, for example. These compounds must have the 
structure, 

H H 

Auwers * has found that f ormanOide shows in its cryoscopic 
behavior a departure from the formyl secondary anilides. 
This, as Auwers states, may be due to some unknown cause, 
and not necessarily result from the presence of hydroxyl in 
formanilide. 

It is interesting also to note that f oimanilide, as first shown 
by Comstock and IQeeberg, readily forms a silver salt, while 
acet- and benzanilide apparently do not. It may be stated in 
general that formanilide is far more reactive than the other 
anilides. These facts would seem to indicate that f oimanilide 
has the imido structure, and therefore reacts with chlorcar- 
bonic ethyl ester in the manner first stated above. 

• Zeitochr. phys. Chem., zii, 711 ; zr, 48, 40. 
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Experimental Part. 
Action of Chlobgabbokio Ethyl Esteb on Fobmanilids. 

On mixing chloicarbonic ethyl ester and formanilide, an 
absorption of heat takes place, the formanilide slowly dis- 
solves, and, at 23^, a slow evolution of gas soon takes place. 
At 60° to 70® the evolution of gas is rapid, while on the 
water-bath it may become violent, as Lellmann observed. 

The Liquid and Solid ProdiicU. — 60 g. of formanilide and 
54 g. of chlorcarbonic ethyl ester were mixed and warmed 
until solution took place, and the reaction was well started. 
After a short time the material was placed in a desiccator 
over lime until the odor of the ester had disappeared. It 
was then taken up in ether and separated from the diphenyl- 
formamidine hydrochloride which remained. This residue 
was dissolved in water and precipitated by ammonia, when it 
melted at about 186°. The ethereal solution was washed with 
water, until all the amidine salt was removed; it was then 
dried over calcium chloride and the ether evaporated. This 
then gave the oil which has been supposed to contain ethyl 
oxalate and ethylisoformanilide. A portion of this was shaken 
with strong ammonia ; it then showed no signs of alteration 
and no oxamide was obtained. Ethyl oxalate could not, 
therefore, have been present. Another portion was shaken 
with dilute hydrochloric acid ; the remaining ail was extracted 
with ether and the aqueous acid solution was then found to 
contain nothing but a trace of aniline hydrochloride. Since 
no amidine was formed by this treatment, the absence of 
ethylisoformanilide in this oil is established. The remain- 
ing portion of the oil, which had not been treated with 
ammonia or acid, and which had a slight odor resembling 
monochlorethyl acetate, but none resembling ethylisoformani- 
lide, was then subjected to distillation. Unsuccessful attempts 
were previously made to solidify this oil by freezing. On 
distilling, it all boiled over at 14 mm. pressure from 159° 
to 165° without showing any signs of decomposition, at least 
the amount of gas given off, as stated by Freer and Sherman, 
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was so insignificant that the pressure remained constant dur- 
ing the entile distillation. The residue was also insignificant 
and diphenylf ormamidine was not formed. The oil was again 
distilled at 15 mm. pressure. It then boiled for the greater 
part from 162° to 164**. On further distilling it showed signs 
of decomposition, the boiling-point rose to 170"*, and in the 
receiver a trace of a sharp odor, probably of phenyl isocyanate, 
was noticed. The distillate remained as an oil on cooling. 
It was then boiled with sodium hydroxide in dilute alcoholic 
solution, in order to decompose formylphenylurethane into 
phenylurethane. On cooling, an oil separated, which when 
treated with dilute hydrochloric acid solidified in a freezing 
mixture. On crystallizing this material from dilute alcohol, 
it melted at 52°, and in all its properties was identical with 
phenylurethane. 

Phenylurethane is one of those substances which when 
melted, or when separated from an alcoholic solution, may 
remain liquid for a long time. Formanilide also belongs to 
this class of substances which when impure are difficult to 
solidify, while formylphenylurethane is an oil. Mixtures of 
the above substances would not therefore be expected to com- 
pletely solidify or readily to deposit crystals on cooling. 

In another experiment where the action was more complete 
and no formanilide was apparently present, a portion of the 
oil did solidify on cooling, and this was found to be phenyl- 
urethane. On boiling the whole with sodium hydroxide, and 
then cooling, it apparently solidified completely, giving only 
the urethane. This shows that the oil was undoubtedly 
mostly formylphenylurethane, and the oil which Freer and 
Sherman obtained must have contained the above-mentioned 
substances along with some chlorcarbonic ester, since they 
state that on warming it gave off a gas, and they obtained 
more amidine, that is, in their case, the reaction was not 
completed at first. 

In another experiment, using two molecules of formanilide 
to one of chlorcarbonic ethyl ester, the products were the 
same. Hence, naturally, the oil contained a large amount of 
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foimanilide. The greater portion of this was separated by 
concentrating the ethereal solution, when the f ormanilide sepa- 
rated as an oil, which on standing crystallized. The ethereal 
filtrate from this gave an oil which boiled, for the most part, 
at 14 mm. pressure from 147** to 161*". The observed boil- 
ing-point of f ormylphenylurethane in the same apparatus at 
16 mm. pressure was 149® to 151**, while phenylurethane 
boiled at 161**, and formanilide at 166** to 166**. Since in the 
above I'eaction hydrogen chloride is formed, and this converts 
the f ormylphenylurethane into phenylurethane, the oil is there- 
fore always a mixture of these compounds, and it contains in 
addition any unaltered foimanilide. Since the boiling-points 
of these substances lie so close together, attempts to isolate 
f ormylphenylurethane, free from admixture, in this case were 
abandoned. The oil was then converted into the urethane by 
boiling with sodium hydroxide, and the product thus obtained 
was a mixture of urethane and formanilide. 

Formanilide and phenylurethane in the absence of formyl- 
phenylurethane, t. 6., after boUing with sodium hydroxide, etc., 
can readily be separated. When such a mixture is crystallized 
from quite dilute alcohol, formaniUde first separates, while 
when the mixture is treated with ligrom it is the phenyl- 
urethane that is extracted. 

A better yield of the oil can be obtained by carrying out 
the reaction in benzene. 

The Q-oBeous Products. — The gases were collected over 
water and examined as follows : The carbonic acid and ethyl 
chloride were removed together with cold dilute solution of 
sodium hydrate; the presence of carbon dioxide was then 
shown in the usual way. On warming this solution ethyl 
chloride was given off. This burned with a greenish flame, 
and was shown to contain chlorine by passing the gas over 
heated calcium oxide, dissolving in nitric acid and precipitat- 
ing with silver nitrate. Separate experiments under the same 
conditions with chlorcarbonic ester and boiliQg sodiiun hydrate 
gave no burnable gas. Carbon dioxide and ethyl chloride are 
the chief constituents of the gaseous products. After the 
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sodium hydrate solution and then cold water failed to diminish 
the volume of gas, a cuprous chloride solution in hydrochloric 
acid was run into the burette. This absorbed the greater 
part of the remaining gas, thus showing the presence of carbon 
monoxide ; the comparatively small part not absorbed was air 
which had accidentally entered in handling the products. 

The results of the above experiments serve to identify the 
following compounds: Diphenylformamidine hydrochloride, 
formylphenylurethane, phenylurethane, carbon dioxide, car- 
bon monoxide, and ethyl chloride. 

Formylphenylurethane^ O^H^N< qq qjj* — This diacid ester 
anilide was not obtained free from f ormanilida or phenylure- 
thane when chlorcarbonic ethyl ester acted on f ormaniUde. It 
can be obtained pure, however, from ethylisof ormanilide and 
chlorcarbonic ethyl ester as follows : 

Sixteen g. of ethylisoformanilide were treated with a slight 
excess over one molecule of the ester; a lively reaction took 
place (requiring the use of a return-condenser). Heat was 
evolved and a stream of ethyl chloride escaped. The reaction 
was complete in a short time. The whole was then placed 
over lime in a desiccator until the odor of chlorcarbonic ester 
disappeared* It was then distilled, and after fractioning, a 
portion was obtained boiling from 149® to 151° at 15 mm. 
pressure. This did not solidify on cooling, and on analysis 
the following results were obtained : 



Found. 



Oalenlated for 
OjoHuNO,. 



C 62.67 62.18 

H 5.98 5.69 

N 7.56 7.23 

When the analyzed material was boiled with alkali, it decom- 
posed with the separation of the lower acid group, giving phenyl- 
urethane. When it was mixed with phenylhydrazine, it soon 
solidified ; the solid was washed with ether, and this then left 
pure a-formylphenylhydrazine, melting at 140®. These results 
show that formylphenylurethane has the structure above as- 
signed to it, both acid groups being attached to nitrogen. 

Nsw H1.TBH, December, 1886. 
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ON THE PREPAKATION OF METABROMBENZOIC 
ACID AND OF METABROMNITROBENZENE.* 

Bt H. L. WHEELER and B. W. McFARLAND. 

It is now over thirty years since Reineckef showed that 
benzoic acid could be directly brominated. His method was 
to heat the acid with bromine and water, in a closed tube, to 
100° for several days. Reinecke's method, with the modifi- 
cations of Hiibner, Ohly, Philipp,J Petermann,§ and Anger- 
stein || for its purification, is given in the last edition of 
Beilstein's Hamdhueh as the method of preparation (^*Dar- 
stellung"). 

Again, according to the above authority, metabromnitro- 
benzene is best prepared as follows (t. c., " Darstellung ") : 
"Man erhitzt in Rtihren von 150 c.c. Inhalt je 86 g. Nitro- 
benzol mit 32.5 g. (iiber H^SOi ent^^lssertem) Brom und 1 g. 
pulverisirten Eisenchlorid zwtJlf Stunden lang auf GO'^-TO*'." 
This is Scheufelen's ^ method, and it gives a yield of over 80 
per cent of the calculated quantity of pure metabromnitro- 
benzene. 

Scheuf elen also showed that ferrous bromide would readily 
effect the bromination in closed tubes. An experiment of his 
in an open vessel was not a success, however, since only 25 
per cent of the theoretical yield of metabromnitrobenzene 
was obtained. 

The above methods can be greatly simplified, inasmuch as 
the operations can be performed in a short time and without 
the use of closed tubes if iron be used as a bromine carrier. 

* Amer. Chem. Jour., six. No. 6. 

t Zeitochr. Chem., 1866, 116; 1869, 109. 

X Ann. Chem. (liebig), cxlUi, 288. § Ibid., czliz, 131. 

U Ibid., driii, 6. t Ibid., cczzzi, 166. 
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Moreover, contrary to the result of Scheufelen, a yield of 
metabromnitrobenzene almost equal to that obtained in closed 
tubes with ferrous bromide^ can be obtained in open vessels 
by the use of iron. 

Iron, as a bromine-carrier, is now frequently used in other 
cases, since it often effects bromination with surprising 
readiness. This property of iron is weU illustrated with 
paradichlorbenzene. (See below.) From the experiments 
with iron and ferrous bromide, in the case of nitrobenzene, it 
appears that iron is a better carrier of bromine than separately 
prepared ferrous bromide, and naturally more convenient. 

Metabrombenzoio Acid. — After a number of experiments we 
have come to the conclusion that the following is the best 
method for the preparation of this acid: 20 g. of benzoic 
acid and 6 g. of iron wire or gauze are placed together in 
a flask connected with a condenser and heated on a metal 
bath. When the temperature of the bath reaches about 170^ 
48 g. of bromine are added, drop by drop, while the tem- 
perature of the bath is allowed to rise until at the end of the 
operation it reaches 260°. The addition of the bromine re- 
quires about one hour and a half, with the above quantities, 
when the bromination is finished. The quantity of bromine 
given is sufficient to convert all the iron into ferrous bromide, 
the benzoic acid into monobrombenzoic acid, and then allow 
4.7 g. for loss. Generally, however, not all the iron is 
attacked and some dibrombenzoic acid results. 

After the bromine has been added the mass is dissolved in 
sodium hydroxide, filtered from the iron and ferric hydroxide, 
and after precipitating the metabrombenzoio acid with hydro- 
chloric acid it can then be purified in the usual way. We 
proceeded as follows in the purification: After precipitating 
the acid with hydrochloric acid it was shaken out with ether. 
This gave a crude pioduct weighing 32 g.; calculated 
weigl^t for monobrombenzoic acid, 82.9 g. This was dis- 
tilled, and the portion boiling below 800® (none came over 
below 280°), and weighing 20 g., was crystallized once from 
50 per cent alcohoL It melted from 145° to 148° and was 
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therefore practically pure metabrombenzoic acid. From this 
it will be seen that the yield of the acid does not lie far short 
of being equal to the weight of benzoic acid employed. The 
same material ciystallized three times from benzene melted at 
152^-158^9 which is the melting-point usually assigned to the 
pure acid.* 

Perbrombenzenej CeBre. — An experiment in a closed tube 
gave perbrombenzene as the sole product. The carboxyl 
group of the acid being displaced, 5 g. of benzoic acid, 2 g. 
of iron, and 87.4 g. of bromine were heated in a tube 
to 225^ for five hours. On opening the tube great pres- 
sure was observed and the bromine had entirely disappeared. 
The crystalline product obtained was difficultly soluble in the 
ordinary solvents ; from benzene it separated in the form of 
needles and did not melt below the boiling-point of sulphuric 
acid. 

Metabromnitrohenaefis. — 80 g. of nitrobenzene and 8 g. 
of iron wire are placed in a flask with reversed condenser 
and heated up to 120^ in an oU-bath. 60 g. of bromine 
are then gradually added, the operation taking about three- 
quarters of an hour. The flask is left in the bath for 
three-quarters of an hour more, and then the contents dis- 
tilled in steam. The crude, almost pure, product thus obtained 
after pressing on paper and drying amounts generally to about 
75 per cent of the calculated. We have obtained a yield, 
however, as high as 85 per cent by the above method. In 
one experiment using three times the above quantities a yield 
of 64 per cent of the calculated was obtained. These results, 
although somewhat lower than the best obtained in closed 

* Metabrombenzoic acid resembles benxoic acid in the manner in which 
its melting-point is lowered by a slight amount of imporitj or admixture. 
Friedburg (Ann. Chem. (Liebig), clyiii, 23) states that the pure add melts 
at 166^, and that benzoic acid melts at 121^, while a mixture of these acids 
containing 20 per cent of benzoic acid melts as low as 116^, and therefore 6^ 
lower than benzoic acid. With larger amounts of impurities the melting- 
point of the mixture was obserred as low as 96^, and, as Friedburg states : 
''Man sieht also, das man sich nicht wundem darf, bei der Bereitung der 
Brombenzoes&ure niedrig schmelzende Gemische zu erhalten." 
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tubes, are highly satisfactory when one considers the greater 
time required and the other disadvantage in the closed-tube 
method* 

Ij^^Diehar-iyS-Dibrambemene (f). — An experiment with 
paradichlorbenzene was interesting as a further illustration of 
the ease with which iron often effects bromination. Paradi- 
chlorbenzene, when pure, can be boiled with its own volume 
of bromine and the bromine all driven off without altering its 
melting-point or without its giving off hydrogen bromide. K, 
however, a piece of iron be added to the warmed mixture, a 
strong effervescence takes place, hydrogen bromide is given 
off, and the reaction proceeds of itself, the product soon solid- 
ifying. After pulverizing and washing out the iron bromide, 
the residue can be crystallized from hot absolute alcohol, in 
which it is difficultly soluble. . It then gives beautiful color- 
less needles or prisms which melt at about 148''. A product 
thus obtained gave the following results on analysis: 

CaloQlited for 
CAClaBr,. 

23.31 
52.46 

This is presumably 1, 4-dichlor-2, 5-dibrombenzene, the cor- 
responding tetrabrombenzene which it resembles in regard to 
solubility, etc., being also formed by direct bromination. 
With the exception of the fact that it was found that this 
compound is very unreactive, it was not further investigated, 
test-tube experiments showing that it was not affected ap- 
preciably by boiling with nitric acid, and that it could be 
volatilized from fused sodium hydrate. 

In conclusion, the authors desire to express their thanks to 
Messrs. W. M. Bradley, G. R. Tracy, and W. Valentine, who 
have assisted in the present work. 

Nbw Hatsh, February, 1897. 
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ON THE NON-EXISTENCE OF FOUR METHENYL- 
PHENYLPARATOLYLAMIDINES.* 

By H. L. wheeler. 

In the first number of the Journal fiir praktisehe Chemie for 
this year, Waltherf describes the preparation of methenyl- 
phenylparatolylamidine by four different methods. Each 
method, according to him, gave a new amidine, and these 
amidines were supposed to be isomers. The methods he used 
and the compounds he claims to have obtained are as follows: 

I. By heating methenyldiphenylamidine with jt>-toluidine a 
product was obtained which melted at 120^. He explains the 
formation of this as follows: 

v^NCeH. v,NC,H. 

HCX ->HCf 

^ jS™^ ^ NHCH^CH, 

II. By boiling an alcoholic solution of methenyldiparatolyl- 
amidine with amline hydrochloride, a product melting at 132** 
was obtained: 

^NCeH,CH, 

>,NCeH,CH, 
H(jf .HCl + H,NCeH4CH,. 

^NHCeH, ' ' 

in. By treating a mixture of jt^-formtoluide with aniline 
and phosphorus trichloride a product melting at 98^ was 
obtained. He states that the following amidine is expected to 
result here : 

NHCeH4CHa NHCeH^CH, 

* Amep. Chem. Jour., xix. No. 5w t Bd. Iv, 41. 



Digitized by VjOOQIC 



FOUR METHENYLPHENTLPARATOLYLAMIDINES. 99 

IV. Finally, he states that by reversing the above and 
treating a mixture of formanilide and jo-toloidine with phos- 
phorus trichloride a reaction as follows must take place, or, 
in other words, that an amidine with the following structure 
must result : 

NHCeH, NHC,H, 

HC/ -^HC/ 

Walther concludes that two of these amidines are structural 
isomers while the others are perhaps physical modifications or 
stereochemical isomers. 

The existence of four isomeric methenylphenylparatolyl- 
amidines is theoretically possible, and would therefore not be 
remarkable, but that these four should be formed separately 
in the above reactions is not in harmony with the general 
behavior of amidines, imide chlorides,* or imido-esters, and that 
these substances should act by direct double decomposition, as 
indicated above, seems incredible. Moreover, these results 
are not in harmony 'with the careful work of Pechmann f on 
the amidines. Pechmann has shown in several cases that only 
one amidine results, when prepared from imide chlorides, 
where two might be expected.^ 

The re-examination of the above products was therefore 
undertaken with the result that all attempts to confirm the 
statements of Walther were unsuccessf uL In no case, by the 
first and second method, were products obtained that melted 
constantly at 120° or 132**. Products were obtained that 

* Most probably imide chlorides are to be considered in reactions III and 
IV and not amide chlorides. 

t Ber. d. chem. Ges., zxyiii, 869 and 2862. 

X It may be stated here that seven years ago, while the anthor was engaged 
in a research on the isoanilides with Mr. W. J. Comstock, it was obserred 
that the same amidine resulted when prepared from phenylformimidomethyl 
ester and metanitraniline or from metanitrophenylformimidomethyl ester 
and aniline. The products obtained by these different methods were identi- 
cal in regard to melting-point and general beharior. The preparation of this 
amidine by only one method was given at that time, the intention being to 
examine the subject more thoroughly, and the work had just been resumed 
when Pechmann* s article appeared. 
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melted near these temperatures, and corresponded otherwise 
with Walther's descriptions, but, when crystallized, they 
proved to be nothing but impure methenyldiphenylamidine 
and methenyldiparatolylamidine, respectively. 

According to the third and fourth method apparently one 
and the same methenylphenylparatolykmidine was obtained* 
This did not melt at 98° nor at 102° when purified by repeated 
crystallizations, but more nearly at 103.5° to 104°, when 
prepared by the third method, and at 103.5° to 104.5°, or 
practically at 104°, when prepared by the fourth method. 
The products could not be distinguished in appearance and 
properties except by this slight difference in melting-points. 
This difference in complete melting is to be explained by the 
fact that when this amidine is prepared by the third method, 
under ceiiain conditions, an impurity accompanies the chief 
product, which it is difficult or impossible to separate by crys- 
tallizing from ligroln. This impurity is probably methenyl- 
diparatolylamidine. 

The amidine at about 103.5° is the true methenylphenyl- 
paratolylamidine, since the same compound results from par- 
atolylformimidomethyl ester and aniline. 

Walther comments on the products obtained by the third 
and fourth methods, as follows : " AUein an der Verschied- 
enheit beider Kb'rper ist nicht zu zweif eln ; beim Umkrystal- 
lisiren derselben aus warmem Petrolather ist der Unterschied 
in ihrem Verhalten schon deutlich ausgepragt: der KOrper 
vom Schmelzp. 98° Itlst sich leichtei* und fait beim Abkiihlen 
der Losung sofort in weissen Nadeln aus, der Kdrper von 
§chmelzp. 102° geht schwerer in Lt)sung und setzt sich kng- 
sam in harten kleinen Prismen ab." 

The products that I obtained by Walther's third and fourth 
methods could be made to ciystallize at wiU in the form of 
needles or prisms. In order to obtain the needle form, a 
strong ligroln or petroleum ether solution is taken, and 
cooled rapidly. If the solutions are dilute or moderately 
dilute, and are slowly cooled, or if allowed to evaporate spon- 
taneously, prisms are invariably obtained. Apparently the 
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prisms are obtained more readily the purer the material. No 
difference in melting-point was observed between the needles 
and prisms when these forms were prepared from pure ma- 
teriaL The difference in solubility of these forms is only 
apparent ; the prisms are thicker, larger crystals, and therefore, 
of course, dissolve less rapidly than the finely divided slender 
needles. 

Platinum double salts of the supposed new amidines were 
obtained by Walther in each case, but since these were ob- 
tained from impure material, nothing would be gained by 
examining these. Attention was directed therefore entirely 
to the amidines. 

The formation of only one amidine in reactions III and lY 
shows that the reaction is not a direct double decomposition, 
but that it involves an addition and then a separation. For 
example, both imide chlorides formed from the f ormyl com- 
pounds add the base giving the same compound, i. e., the 
hydrochloric acid salt of the amidine, and this naturally breaks 
down in one way, or chiefly in one way : 

jj^j^NCeH^CH. ^ H^NCeH,.^ .NHCeH.CH. 



yCl J^ HC— Ci 

^^^NCeH, + HOfCeH.CH.--'''''^ \NHCeH, 



The above addition-product can separate hydrogen chloride 
in either of two ways according as the double bond in the free 
amidine is between the methenyl group and the aniline or the 
toluidine rest. These reactions, therefore, show nothing in 
regard to the structure of methenylphenylparatolylamidine. 

The Product Obtained by the First Method. 

The directions for the preparation of the amidine melting 
at 120* are somewhat indefinite. Walther states: "Wird 
Diphenylmethenylamidin mit 1 mol. freien |>-Toluidins langere 
zeit erhitzt, so erhalt man eine Abscheidung von Anilin. Das 
resultirende gemischte Amiden bildet shdne weisse Nadeln von 
Schmelzp. 120^" 
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No temperatures are given, nor is the solvent stated which 
was used in the purification (?) of the product. Attempts 
to prepare this amidine were made as follows : 1.2 g. meth- 
enyldiphenylamidine and 0.6 g. of paratoluidine were heated 
to 100*" for about three days. The material on cooling then 
became a dark-colored semi-solid mass. It was dissolved in 
cold alcohol and precipitated with water, dried on a plate, 
and then crystallized from ligroln. It separated finally in the 
form of white needles, as Walther states, but the different 
crystallizations melted about as follows: 

I. 102^-110° IV. 126**-127** VII. 131^-133° 

11. 117° V. 127°-129** Vm. 131^-133° 

III. 120«-125° VL 128°-131° 

In the next experiment a larger quantity of material was 
taken. 5.5 g. of methenyldiphenylamidine and 8.0 g. of 
paratoluidine were kept at about 80^ for four days and nights. 
The black mass was then taken up in alcohol precipitated with 
water, dried, and boiled in ligroln with animal charcoal. On 
crystallizing from ligroln needles separated, and the following 
melting-points were obtained : 

I. 100^-108° IV. 121^-126° VII. 136^-136^ 

11. 112^-116° V. 126°-129« VHL 135*»-136° 

ni. 116^-122° VI. 130°-132** 

The above results show that the product thus obtained is a 
mixture, and that the amidine crystallizing in white needles, 
as described by Walther, is undoubtedly impure methenyl- 
diphenylamidine. The melting-point of this is given by various 
observers from 185® to 140°. Other solvents besides ligroln were 
tried, but no amidine melting constantly at 120^ was obtained. 
The product was readily soluble in alcohol, ether, carbon 
disulphide, benzene, and chloroform. It had the appearance 
and properties of methenyldiphenylamidine. 
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The Product Obtained hy the Second Method. 

Accoiding to the second method, by heating methenyldi- 
paratolylamidine * with aniline hydrochloride for a half hour in 
alcoholic solution, an amidine melting at 182^ should result. 
The solvent used in purifying is not stated. 

An experiment to confirm this statement was undertaken 
as follows: 2.9 g. of methenyldiparatolylamidine and 1.7 g. 
of aniline hydrochloride were warmed in a small amount of 
alcohol for a half hour on the steam-bath. (If warmed for a 
longer time the amidine is decomposed and nothing separates.) 
On cooling, a mass of needles separated. These were dissolved 
in alcohol and precipitated with dilute ammonia, dried, and 
crystallized repeatedly from ligro'm. The products from the 
successive crystallizations gave approximately the following 
melting-points : 

L 126° IV. 133^-137° YU. 137^-140° 

II. 132° V. 135°-138° 

m. 132^-136° VI. 137°-140° 

A portion of the hydrochloride was crystallized four times 
from alcohol and then decomposed with ammonia. Thus 
obtained it melted at about 136°-186°. When the crude 
amidine was crystallized twice from absolute alcohol, in which 
it is quite soluble, it melted at 132°-185°. 

In another experiment 5 g. of the amidine and 8 g. of 
aniline hydrochloride were taken. The hydrochloric acid salt 
resulting on warming this mixture was crystallized six times 
from absolute alcohol and then decomposed with dilute am- 
monia, the dry product melted not sharply at 188°. How- 
ever, on crystallizing this once from considerable low-boiling 
ligroln, it came down in the form of lozenges and flattened 
bunches of crystals, representing exactly methenyldiparatolyl- 

* In describing methenyldiparatolylamidine as new, Walther oyerlooks 
the fact that this amidine was obtained by Senier (Ber. d. chem. Ges., zyiii, 
2294). Later this amidine and also methenyldimetanitrophenylamidine 
(dinitrodiphenylformamidine) was described in Amer. Chem. Jour., xriii, 
617, by Comstock and others. 
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amidine when crystallized under the same conditions. In this 
form when dry it melted fairly well at 140**. 

The above results show that the material obtained by this 
method, and melting at about 182'', is a mixture which, when 
crystallized, gives methenyldiparatolylamidine. 

The ProducU Obtained by the Third and Fourth Methods. 

The third method consists in treating j9-formtoluide with 
aniline and phosphorus trichloride. No details are given for 
the conversion of the reaction-product into the amidine. It is 
stated that from petroleum ether the amidine separates in 
needles melting at 98°. 

An experiment according to this method, using the quanti- 
ties given by Walther, was performed as follows : 6 g. /^-f orm- 
toluide and 8.6 g. of aniline were mixed and treated with an 
excess of phosphorus trichloride. 

A violent reaction took place, and the mass solidified. The 
material was washed with water, taken up in alcohol, and 
precipitated with dilute ammonia, dried, and crystallized 
from petroleum ether, as directed. It then separated in 
needles or prisms according to the conditions already stated 
in the introduction. The material, after one crystsdlization 
from petroleum ether, melted at 102^-108% and showed no 
signs of melting at 98*^. After four crystallizations from 
ligroln the material melted at 108.5°-104°. 

In another experiment 10 g. of p-formtoluide, melting at 
62**, and 7.2 g. of freshly distilled aniline were mixed ; then 
phosphorus trichloride was slowly added in excess. The 
product thus obtained was treated as in the previous experi- 
ment. The free amidine was crystaUized sixteen times from 
petroleum ether. It separated in needles and prisms, and 
the following are some of the melting-points which were 
observed: 

I. 97.0°- 97.6° IX. 102.0°-102.6° XIV. 103.5°-104° 
III. 98.0°-100.0° XI. 102.5°-103.0° XV. 103.5°-104° 

VI. 100.5°-101.6° XIII. 103.0°-104.0« XVI. 103.5M04° 
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In another experiment a specimen of j9-formtoluide was 
used which was carefully freed from all traces of ^toluidine, 
and which after several crystallizations from ether melted 
sharply from 68''-54''. This gave the same result as stated in 
the first experiment above. 

Several attempts were made to prepare this amidine from 
specimens of crude jp-foimtoluide melting at 52*", and from 
which ^toluidine had not been removed by treating with 
dilute hydrochloric acid and water. In these cases products 
were obtained melting at about 85^, and in one of these cases 
the material was crystallized seven times from ligroln without 
raising its melting-point above 86^. On the other hand, when 
pure J!^f ormtoluide was used, even the crude product melted 
higher than this. The lowering of the melting-point in these 
cases is, therefore, due to the presence of j>-toluidine in the 
/>-f ormtoluide used. 

The fact that the amidine prepared by the third method, 
and from pure materials, melts lower than when prepared by 
the fourth, is now readily explained as follows : The phos- 
phorus trichloride decomposes a small part of the jD-f ormtolu- 
ide into j>-toluidine hydrochloride, and tins, by taking part in 
the reaction, effects a contamination (probably methenyldi- 
paratolylamidine) that is difficult or impossible to remove by 
repeated ciystallizations. On the other hand, the conditions 
in the f ouiih method are different. In that case there is no 
|7-formtoluide present to form methenyldiparatolylamidine, 
and, if the formyl compound is decomposed, aniline is sepa- 
rated, this then forms methenyldiphenylamidine, which is 
more soluble in petroleum ether than the chief product, the 
mixed amidine. Hence the material prepared by the fourth 
method is more readUy purified. 

An experiment, according to the fourth method, gave the 
following result: 6 g. of formanilide and 4.8 g. of />-tolui- 
dine were mixed and treated precisely as in the above experi- 
ment. The product from petroleum ether came down in 
needles or prisms, and after four crystaUizations melted from 
108.6^ to 104.6^ 
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From the above results it is concluded that only one meth- 
enylphenylparatolylamidine exists. In conclusion, the author 
expresses his indebtedness to Mr. J. A. Hall, who has assisted 
him in the present work. 

New Hjlybn, March, 1897. 
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ON THE MOLECULAR REARRANGEMENT OF THE 
OXIMES BY MEANS OF CERTAIN METALLIC 
SALTS-* 

By WILLIAM J. COMSTOCK. 

Thb conversion of ordinaiy benzaldoxime into its stereoiso- 
mer was discovered by Beckmann, who effected it first f by 
the action of sulphuric acid, afterwaids | by the action of hy- 
drochloric acid gas on the ethereal solution. This latter 
method has since been applied with success to other cases. 

The Beckmann rearrangement of an oxime into amide or 
substituted amide is effected by means of phosphorus penta- 
chloride, § strong sulphuric acid, || acetyl chloride, If and the 
so-called Beckmann mixture.** I have found that several 
metallic salts are capable of producing the same results. A 
good example of this is furnished by the behavior of cuprous 
chloride towards benzantialdoxime. When a cold solution of 
ordinary benzaldoxime in dry benzene or toluene is treated 
with cuprous chloride, the chloride dissolves rapidly. If the 
solution is a concentrated one, the formation of long needles 
can be noticed at once; if the solution is dilute, the same 
compound can be precipitated by the addition of petroleum 
ether. The new compoimd is an addition-product of two 
molecules [of oxime to one of cuprous chloride, reckoned as 
CuCL But instead of being an addition-product of the anti- 
oxime, it contains the stereoisomer. 

If the benzene or toluene solution is shaken for a few min- 
utes with an excess of cuprous chloride, and the filtered solu- 

* Amer. Chem. Jour., zix, No. 6. t Ber. d. chem. GeB., zx, 2766. 

t Ibid., zxii, 488. S Beckmann, Ibid., zix, 088. 

n Beckmann, Ibid., xx, 1607. 
T Victor Mejrer and Warrington, Ibid., 600. •• Ibid., 2681. 
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tion heated, a separation of cuprous chloride begins at once. 
After continued boiling and concentrating the filtered solution, 
benzamide separates. I have tested the behavior of several 
oximes, and found in each case that addition-products with 
cuprous chloride or cuprouB bromide could be obtained. 
This is true of both aldoximes and ketoximes and in each 
case the composition of the product was 

(Oxime), + CuCl or CuBr. 

The rearrangement into amide or substituted amide by 
boiling a solution of the cuprou»-halide-oxime, is not, how- 
ever, a general reaction, and where effected is not necessarily 
a smooth one. When the solution of cuprous^halide-oxime 
is heated, there is usually, if not always, to some extent a 
regeneration of aldehyde or ketone. In some cases the greater 
part of the oxime is decomposed in this latter way. For in- 
stance, on boiling a toluene solution of benzophenoneoxime 
with cuprous bromide, the greater part was found to be con- 
verted into benzophenone. 

The tendency of an oxime to form a " molecular compound " 
with cuprous chloride is so great that in two cases, at least, 
eupric chloride is reduced to cuprous chloride. Benzaldoxime 
and acetoxime are the two compounds whose behavior towards 
eupric chloride has been studied. 

If an aqueous solution of eupric chloride is added to a con- 
centrated aqueous solution of acetoxime, the separation of 
colorless crystals begins at once, even at low temperature. 
With very dilute solutions the separation is slower, but the 
same reaction takes place. These crystals are identical in 
composition with those formed by the direct action of cuprous 
chloride on acetoxime dissolved in an anhydrous solvent. As 
soon as the separation of crystals from tibie aqueous solution 
of oxime and eupric chloride begins, the solution shows the 
presence of nitrous acid by its reaction with potassium iodide 
solution. 

Obviously a portion of the oxime is split into acetone and 
hydroxylamine, which latter reduces the eupric chloride to 
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cuprous chloride with formation of nitrous acid, while 
another portion of oxune unites with the cuprous chloride 
to form the difficultly soluble cuprous-chloride-oxime. 

In addition to cuprous chloride and cuprous bromide, anti- 
mony trichloride effects the Beckmann rearrangement with 
the greatest ease. This I have shown in the case of benzo- 
phenoneoxime. 

As a method of converting an antialdoxime into its stereo- 
isomer, the action of hj^ochloric acid on the ethereal solution 
is obviously simpler than the action of cuprous chloride or 
cuprous bromide. Nevertheless these changes of the oximes 
under the influence of metallic salts are not without interest. 
Whether the action of a metallic salt can lead to the discovery 
of a missing stereoisomeric oxime when other methods fail, is 
of course uncertain. No special efforts have been made with 
this in view, as the group has already been worked up with 
considerable thoroughness. 

In compounds other than oximes, but containing the group 
— N=C— , the methods of obtaining the two stereoisomeric 
forms are by no means as satisfactory ; and there is no a priori 
reason why, in some of these other cases, a rearrangement 
should not be effected by the action of metallic salts. 

Cuprous chloride, cuprous bromide, and antimony trichlo- 
ride, all add, with the greatest ease, to some of Schiff's bases. 
A few of these derivatives I shall describe in another paper. 

Experimental Part. 

OuprorM-^Moride^enzstfnaldoxiTnej (^C$HbOS=N0S'\OuCI. 
— The best method of preparing this compound is by treating 
a cold solution of ordinary benzaldoxime in dry toluene with 
a slight excess of cuprous chloride, shaking gently until 
no more chloride dissolves. From the filtered solution the 
cuprous-chloride-oxime can be precipitated by the addition of 
petroleum ether. The toluene solution can even be warmed 
gently. On working with weighed quantities it was found 
that the solution of ordinary benzaldoxime dissolved a little 
less cuprous chloride than is represented by the above com- 
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position^ The compound ciystallizes in needles which are at 
first practically colorless, although the solution assumes at 
once a yeUowish-brown color. The crystals become dark on 
standing in contact with the mother-liquor, and become dark- 
green very quickly when exposed to the air. 

The compound has no sharp melting-point. Washed with 
petroleum ether and dried in vacuo^ it was found to contain 
19.1 per cent of copper. The above composition requires 
18.69 per cent of copper. 

By treatment with cold dilute sodium hydroxide solution 
the copper can be removed, and on leading carbonic acid into 
the filtered solution, benzsynaldoxime separates at once in 
crystals. 

From cupric chloride the compoimd was obtained as fol- 
lows: The ordinary oxime was dissolved in alcohol and 
mixed with an alcoholic solution of cupric chloride; water 
was then added imtil the solution became turbid, a drop of 
hydrochloric acid added, and the mixture kept at ordinary 
room temperature. The formation of long colorless needles 
began within a few minutes, but the separation was not 
complete for several hours. The compound prepared in 
this way seemed comparatively stable when in contact with 
the mother-liquor, but showed the same rapid coloration when 
exposed to the air. 

When washed quickly with a small quantity of 60 per cent 
alcohol, and dried in vacuo^ it gave the following analytical 
results: 

Found. OalonUtad. 

Cu 18.8 18.69 

CI 11.7 10.40 

Benzsynaldoxime was obtained from this product in the 
manner described above. The same compound can be ob- 
tained by adding ordinary benzaldoxime to a cold solution 
of cuprous chloride in dilute hydrochloric acid. When the 
oxime is added to a cold concentrated solution of cuprous 
chloride in strong hydrochloric acid, a compound crystallizing 
in small yellow needles is formed. This yellow compound 
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is quite unstable, but it contains the oxime as synoxime 
(shown as above), and is obviously a double salt, as it is 
formed only in the presence of strong acid. On adding 
water gradually to this double salt, the formation of the 
white needles of cuprous-chloride-oxime can be observed. 

As to the rearrangement into benzamide, it was carried out 
in benzene and in toluene solution. The amide was obtained 
with sharp melting-point after one reciystallization, and was 
further identified by the formation of ammonia and benzoic 
acid. The cuprous chloride which separated when this rear- 
rangement was effected, was dirty and mixed with some 
resinous matter after the solution had been heated for a 
time, although when the separation first began it was light 
colored, much lighter than the solution. Benzaldehyde and 
probably benzonitrile are by-products of the reaction. 

I have assumed that the copper separates as cuprous chlo- 
ride or cuprous bromide in this and similar cases, but have 
not proved this by analysis. 

Cuprous bromide acts like the chloride, but I have not 
analyzed the intermediate product, which, however, seemed 
more stable than the cuprous chloride compound. 

Other Aldoximes. — Cinnamaldoxime gives with cuprous 
bromide an addition-product ciystallizing from toluene in 
small yellow needles. For this purpose a mixture of the 
two stereoisomers* was used. 



Found. 



OalcnlAted for 
(Ozixne),GaBr. 

Cu = 14.62 Cu = 14.49 



It was shown that the Bepkmann rearrangement is effected 
by boiling the toluene solution. The amide of cinnamic acid 
was not purified, but decomposed by boiling sodium hydroxide 
solution. Pure cinnamic acid was obtained and identified. 
Much aldehyde was also formed. 

Oenanthaldoxime forms a beautifully crystallized product 
with cuprous bromide when warmed in ligroln solution. On 
cooling the filtered solution the product separates in star-like 

* See Bamberger and GoldBchmidt, Ber. d. chem. Ges., zzTii, 9428. 
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clusters of long tiansparent prisms. It proved comparatively 
stable when exposed to the air ; after several hours there was 
practically no change. The amount of oenanthol regenerated 
when the toluene solution was boiled seemed laige. 

Ouproui-^hlaride-aeetoximey ( CtH^NOH)tQuCl. — This com- 
pound can be prepared in dry benzene, toluene, or ligroln by 
the direct action of cuprous chloride. It can be recrystallized 
advantageously from boiling ligroln, but undergoes some de- 
composition on protracted boiling, and changes veiy quickly 
on exposure to the air. It crystallizes in colorless transpar- 
ent plates or inclined prisms, which assume a yellowish color 
on exposure to the air for a few minutes. The melting-point 
is not sharp ; it softens below SO'', is completely melted at 96"", 
to a clear fluid of yellowish brown color. On further heating 
it undergoes energetic decomposition, and has an odor like 
impure acetamide. The change is, however, essentially a 
dissociation. 

An analysis of the compound ciystallized from hot ligroln 
. gave the following results : 



Cu 26.17 26.88 

CI 14.61 14.49 

The preparation from cupric chloride in aqueous solution 
has been described in the introduction. An analysis of the 
compound prepared in this way and dried in vacuo without 
reciystallization gave the following results: 



Found. 

Cu 26.70 26.88 

CI 1483 1449 

On recrystallization from ligroln the crystals were to 
the eye exactiy like those prepared directiy from cuprous 
chloride. 

Ouprou^-bromide-^cetoxime^ ( CzHtNOH^t OuBr. — Prepara- 
tion as in the case of the previous compound. The bromide 
is changed less rapidly on exposure to the air and is more 
difficultiy soluble. It melts to a clear fluid at 121*^-122% 
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after softening a few degrees below. It occurs as hexagonal 
plates or thick, transparent, inclined prisms. A copper esti- 
mation gave 22.05 per cent, while the theory requires 21.90 
per cent. 

The Beckmann rearrangement into methylacetamide could 
not be effected by boiling the toluene solution of either of 
these acetoxime derivatives. A solution of the cuprous- 
bromide-oxime was boiled for hours. The solution became 
dark-colored, and a small quantity of insoluble matter was 
formed. After boiling off most of the toluene, the entire resid ue 
was boiled with strong sodium hydroxide solution, the volatile 
part being caught in dilute hydrochloric acid. The hydro- 
chloric acid solution left a residue on evaporation, but this 
residue was not methylamine hydrochloride, as it was not 
deliquescent and did not give the isonitrile reaction. The 
distillate from the sodium hydroxide had a distinct bone-oil 
odor, and this scune odor was noticed on adding an alkali to 
the residue from the hydrochloric acid solution. This sug- 
gests the formation of a pyridine base, but I did not obtain 
sufficient for identification. 

Other Ketozimes. — Acetophenoneoxime in toluene solution 
unites with cuprous chloride. The compound was precipi- 
tated by ligroln in thin colorless plates, which darken quickly. 
Unchanged oxime was recovered after treating with sodium 
hydroxide solution, filtering and adding carbon dioxide. 

Foond. Calcnlated. 

Cu = 17.7 Cu = 17.2. 

Boiling in toluene solution led to dark-colored products not 
carefully examined. Certainly the reaction is not a smooth 
one. 

Benzophenoneaxime and Cuprous Chloride^ 

( c'j^> 0=^0 ff) Ou 01. ~ 
This compound was prepared as follows: The oxime was dis- 
solved in methyl alcohol, an excess of cuprous chloride and 
a few drops of hydrochloric acid added, the solution warmed 
VOL. n.— 8 
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on the water-bath to 60° for a few minutes, and filtered from 
the excess of chloride. On cooling small, thick, yellow plates 
were deposited. Unchanged oxime could be recovered. 

IToimd. Calculated. 

Cu . . 14.08 12.86 

The compound can be obtained in large diamond-shaped, 
doubly-terminated plates of yellow color, when an excess of 
cuprous chloride is dissolved, together with the oxime in a 
mixture of hydrochloric acid, methyl alcohol, and chloroform, 
and the solution evaporated quickly at ordinary temperature. 
A toluene solution of the oxime boiled in presence of 
cuprous chloride, or cuprous bromide, yielded essentially 
benzophenone. 

Rearrangement toith Antimony Trichloride. — When benzo- 
phenoneoxime is added in small portions to the antimony tri- 
chloride warmed just above its melting-point, the oxime 
dissolves to a clear solution with but a trace of color. The 
addition of each portion of oxime produces a hissing sound, 
and if a large quantity of oxime is added at once, the reaction 
becomes violent and tiie product dark-colored. 

On slowly adding 1.8 g. of oxime to 6 g. of trichloride, 
washing the product with a mixture of alcohol and dilute 
hydrochloric acid, and recrystallizing the residue from alcohol, 
a yield of 1.5 g. of pure benzanilide is obtained. 

Sheffield Chemicxl Labo&atort, 
March, 1897. 
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ON HALOGEN^ ADDITION-PRODUCTS OF THE 
ANILIDES.* 

[tried paper.] 

By H. L. wheeler, BATARD BARNES, and J. H. PRATT. 

In a recent paper from this laboratory f it was sho\vn that 
the anilides are capable of forming addition-products with bro- 
mine and iodine, and that these addition-products can only be 
formed in the presence of a halogen acid. They are, there- 
fore, perhalides, and it was concluded that these compounds 
are derivatives of substituted ammonium salts, and that they 
are perfectiy analogous to the perhalides of c8Bsium X and 
ammonium. § 

We have continued the study of these compounds in order 
to test the correctness of this view, and also with the object of 
determining the structure of the halogen salts of the anilides. 
We have made crystaUographic measurements of some of the 
perhalides and of ammonium triiodide, and we find that, 
although ammonium triiodide is perfectiy analogous to the 
perhalides of the alkali metals, on the other hand, the per- 
halides of the anilides, as far as examined, show no crystal- 
lographic analogy whatever with these compounds. 

This, perhaps somewhat unexpected, result would indicate 
that the peculiar salts from which the perhalides are derived 
are not substituted ammonium compounds, and it will be seen 
below that other experimental work confirms this conclusion. 

* Amer. Chem. Jour., xix, No. 8. 

t Wheeler and Walden, n>id., zviii, 8& 

t WeUfl, Amer. Jour. Sci., zliii, 17. 

§ Roozeboom, Ber. d. chem. Ges., ziv, 2SQ6. 
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All these perhalides aie derivatdves of two molecules of an 
anilide with one of a halogen acid, or, briefly, of the 2 : 1 salts. 
Perhalides derived from 1 : 1 salts have not been prepared. 
When these salts are employed, the products obtained are 
invariably derivatives of 2 : 1 salts. However, no special 
attempt has been made to decide whether the 1 : 1 salts are 
capable of forming perhalides. 

Nolting and Weingartner * were the first to prepare a 2 : 1 
salt of the anilides. They foimd that acetanilide and hy- 
drogen chloride gave a compound represented by the formula 
(CeH3NHC0CH,),HCl, and they investigated its behavior 
on heating. At 250** they obtained ethenyldiphenylamidine, 
at 280^ flavaniline, and at 800** dimethylquinoline. The 1 : 1 
hydrochloride of acetanilide was observed by Knorr. f 

Our work with these salts has shown tiiat the anilides in 
general form these two series of salts, and no other types have 
been observed. The anilides differ from their pseudo deriva- 
tives, t. e., the imido-esters, both in forming 2 : 1 salts, as well 
as in not forming 1 : 2 salts. These salts are characteristic 
for the two series. It is now interesting to note that formani- 
Ude gives 2 : 1 salts in the same manner in which the cor- 
responding salts of the other anilides are obtained. The 
conclusion that follows from this is that formanilLde belongs 
to the series of anilides, and that it has the normal structure. 

At present there is no occasion to assume that the 1 : 1 salts 
are anything but substituted ammonium compounds. In the 
case of the 2:1 salts, it is different, and here numerous con- 
stitutional formulas are theoretically possible. It wiU be con- 
venient to discuss these under three heads : 

I. Those which are represented as having the pseudo form 
of the anilide. 

II. Those in which oxygen or the acyl group takes part 
in the union of the molecules. 

III. The diammonium structure. 

The following formulas are examples of these types: 

* Ber. d. chem. GeB., xriii, 1340. 
t Ann. Chem. (liebig), ocxlv, 37&. 
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I. n. 

H CI CH,CO-NHC,Hg 



V 
CH,C(OH)-NC,H, 



^a 



I I CH C^ 

CeH;iSr-(HO)CCH, * NHCeH, 

m. 
H v^-M-^x COCHj 

The first type is excluded, since we find that methyhneta- 
nitroaoetanilide gives perhalides of a 2 : 1 salt, and also since 
this is an ammonium salt. 

In regard to the second type, it may be stated that the 
presence of oxygen, i. e., an acyl group, is unnecessary for 
the formation of 2 : 1 salts, or of their perhalides. Troost * 
has prepared the compounds 2NHs.HBr and 2NH8.HI, and 
Grimaux f has described a perhalide of pyridine represented 
by the following formula : (CfH6N)2HBr.Br4. Another com- 
poimd that evidently belongs to this class is the iodine addi- 
tion-product of benzamide obtained by Curtius : % 

CeHjCONH,.! 

C«H,CONH,.I 

On account of these facts, and since the 2 : 1 salts of the 
anilides are not derived from the pseudo form, the diammo- 
nium structure III seems to be most satisfactory. This struc- 
ture readily allows for the formation of 2 : 1 salts from the 
secondaiy anilides, and also explains the lack of analogy of 
the perhalides to those of ammonium. 

A comparison of the perhalides of the amlides with those of 
the alkali metals shows other interesting differences besides 
the lack of analogy in crystalline form. 

In this paper we describe mixed perhalides, and show that 
the hydrochloric acid salts of the anilides readily give'per- 

• Compt rend., xdi, 716. t BnU. Soc. Chim. (Paris), xzzTiii, 127. 

X Ber. d. chem. Qet., xzili, 8040. 
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halides with icxline, while the corresponding perhalides of the 
alkali metals could not be obtained. 

In the case of the bromides and iodine only CsBrl,* could 
be obtained, rubidium and potassium having little or no 
tendency to form this perhalide. On the other hand, the 
hydrobromides of the anilides readily unite with iodine, 
methyhnetanitroacetanilide hydrobromide giving a tetra ad- 
dition-product 

The relative stability of these perhalides is similar to those of 
the alkali metals, those containing only iodine being the most 
stable. Large crystals of the compound (CeH^NHCOCAg)! 
HI.Is, after standing in a corked tube for over a year, gave 
excellent reflections on the goniometer. 

The property of forming perhalides, and the relatively 
greater stability of these perhalides, when compared to some 
of the alkaline metal derivatives, show that it is not basicity 
that determines their stability or tendency to form, since the 
salts of the anilides are decomposed by water. 

Experimental Part. 

Ammonium Triiodidey NHJ^Jt. — This salt was prepared by 
dissolving the calculated amount of iodine in a strong solution 
of ammonium iodide and evaporating by standing over potash, 
as described by Johnson,t when dark blue prisms were obtained. 
These belong to the orthorhombic system, and the faces which 
were observed are as follows : 

0,100 c, 001 d,Q\l t, 103 

h, 010 m, 110 e, 102 

The axial ratio derived from the angles marked with an 
asterisk in the table below is : 

a : 5 : c = 0.6950 : 1 : 1.1415 

The crystals are somewhat peculiar in their development, 
for they show two veiy similar forms which have no faces 
alike. They attained a length of 8 mm. 

• Wells, loc. cit. t Ber. d. chem. Gee., ii, 1268. 
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Fig, 1 represents the first form, where the prism wi, 110 and 
the dome t, 108 are about equally developed, giving the crys- 
tals nearly a square outline. The second form of crystals, 



r^wi 



ai 



Vig. L 




Pig. 3. 



Fig. 2, has nearly the same outline, due to the nearly equal 
development of the domes d, Oil and e^ 102. The base c, 001 
has been drawn in front in order to show, to better advantage, 
the similarity between the two forms. The crystals were 
generally weU developed, but the faces were apt to be dull and 
somewhat rounded, so that in some cases only approximate 
measurements could be obtained. 

The similarity in the crystallization of ammonium triiodide 
and the alkali metal trihalides, described by Wells, Wheeler, 
and Penfield,* is very striking, and in the following table the 
corresponding angles of the alkali triiodides are given for 
comparison: 

Caleolated. 



110 A ITO, 


ffl A ffl 


MonmiTod. 
HHA- I>B«Ir Kir BU^ Ctir 

•69° 36' ... 70° 34' 68° 63' 68° 37' 


102 A T02, 


e A e' 




•78° Sff 


78° 38' 78° 


100 A Oil, 


CAd 


48*^ 


26'-48° 46' 48° 47' . . . 


48° 19' 47° 61' 


102 A Oil, 


6 Ad 




60° 3' 69° 24' . . . 


... ... 


103 A T03, 


IaV 




67° 16' 67° SV . . . 


I 


</, axis, 


• • . 




. . . 1.1416 . . . 


1.1234 1.1061 


a, axis, 


. . . 




. . . 0.6960 0.7065 


0.6868 0.6824 



From the above the aromonium triiodide is shown to be 
isomorphous with the alkali metal trihalides, while the tri- 
halides of the anilides, as far as examined, show no similarity 

• Amer. Jour. Sd. \nj\, zliii, 17 and 478. 
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whatever with the above, the latter crystallizing in either the 
monoclinic or the triclinic system. 

ExperimeviU with AeetanUide. 

The 2 : 1 and 1 : 1 hydrochlorides of acetanilide f separate 
from an ethyl-acetate or a chloroform solution as a granular 
precipitate, generally in the form of a mixture, when the solu- 
tions are treated with dry hydrogen chloride. The simple 
salts of the anilides were not obtained in crystals suitable for 
measurement. 

The lodhydrocUoride, ( CtH^NHCOCH^^HClJ^— This salt, 
as well as the other perhalides described in this paper, was 
prepared by dissolving the constituents (either the 2 : 1 or 
1 : 1 salts and the halogen) in hot glacial acetic acid, and then 
cooling. The crystals for measurement were generally obtained 
by slowly evaporating the solution in glacial acetic acid over 
potassium hydroxide in a desiccator. Better crystals were 
obtained in this manner than by slowly cooling in a felt box. 
The crystals in each case were washed free from acetic acid 
by means of chloroform, and after drying by pressing on paper, 
were analyzed. The analytical results have been obtained in 
the gravimetric way ; determination of mixed halogens have 
been made by igniting the silver salts in a current of chlorine 
in the usual manner. 

Acetanilide iodhydrochloride, prepared as above, separated 
in the form of dark-blue, shining needles ; crystals suitable for 
measurement were not obtained. This and the corresponding 
salt of parabromacetanilide are the least stable of the per- 
halides ; they soon lose iodine and turn white. 

Calonlatod for Found. 

GigHttM sOf« HGLIg* 

I 45.3 45.9 

CI 6.3 6.6 

Thel :1 Hydrohromide, C.E^ffCOOffz.EBr.—T\nB was 
obtained as a colorless crystalline precipitate. It apparently 
contained a slight admixture of the 2 : 1 salt 

• Loc. cit. 
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Br 



Caloalttod tor 
OA^O.HBr. 

. 37.0 



35.1 



The lodhydrolromide, C^tH,NHOOO^)MBr.lt, prepared 
from the above salt, separated in dark-red prisms. 



I. 
Br 



Oaloiilatod f or 
GisHuN|Ot.HBr.Ia. 

. 41.9 



13.2 



41.2 
13.4 



The cTystallization of acetanilide iodhydrobromide is triclinic, 
and the following faces have been observed: 

c, 001 m, 110 

b, 010 Jf, ITO 



(B,iOd 



The axial ratio derived from the angles marked by the 
asterisk in the table below was found to be: 

a:b:e = 0.5707 : 1 : 1.2005; a = 89° 26', 
/8 = 132°20', y = 83M6'. 

The crystals were small, not over 1.5 mm. 
in length, and were generally doubly termi- 
nated. Fig. 8 represents the form of the 
crystals. 

The faces were smooth, and gave &.ir reflec- 
tions of the signal on the reflecting goniometer. 
In the table of angles the two extremes of 
three or more measurements are given. 




9lff.S. 



e A «», 001 A 110 


•52" e* 


... 


<J A*, 001 A 010 


♦83" 2' 


... 


e Ai>, 001 A III . 


•66° 3' 


... 


e A Jf, 001 A 110 


60° 36'-60° 58* 


60° 47' 


m Ab, 110 A 010 


74° 50'-74° 66* 


74° 56' 


i»'a/>, no a III 


61° 48'-61° 49* 


61° 61' 


J A «t, 010 A no 


*58° 11' 


... 


TO A 3f, no A no 


•46° 54* 


... 



The2:l Eydraiodide, (^O.H^NHCOCHt^MI. — This, and 
not the 1 : 1 salt, was obtained, both from chloroform and 
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ethyl-acetate solutions of the anilide, on saturating with hy- 
drogen iodide. It is a noticeable fact that hydrogen iodide 
forms 2 : 1 salts more readily than the other halogen acids. 

The lodhydroiodide, (Cf^^NHCOOE^)^!.!^. — This and 
the above hydroiodide were described in a previous paper. 
This perhalide has the greatest tendency to crystallize, some 
of the crystals being 3 mm. in diameter and 10 mm. in length. 
They crystallize in the triclinic system, and only three faces 
were observed which could be determined. These have been 
taken as the three pinacoids, c, 001 ; i, 010 ; and a, 100. On 
a few crystals other faces were observed, but they could not 
be identified. 

The inclinations of the axes calculated from the angles of 
pinacoids, are as follows : 

a = 102*^ 56'; P = 104° 34'; y = 113° y. 



a A 6, 100 A 010 


61" 40* 


o A «, 100 A 001 


67" 47' 


* A «, 010 A 001 


68»47' 



Experiments with ParabromacetanUide. 

The 2:1 Hydrochloride, {C^^.Br.KSCOCH;)^HCl. — The 
formation of 1 : 1 salts in the case of parabromacetanilide was 
not observed. This compound was obtained as a colorless, 
crystalline precipitate. 

OAlenlited for «.»»^ 

C„Hi^,0,Br,.HOL rwm^ 

CI 7.6 6.6 

The lodhydrocUoride, iC^^Br.NHC0CE;)t.HOl.It was 
obtained as dark-violet needles. 

C»loalated for «.»»^ 

C,eHu,N,0,Br,.HOLI,. '^*°^ 

I 35.3 35.3 

CI 49 5.2 

The 2:1 Hydrolromide, {G^H^BrNHCOCEt)tnBr, previ- 
ously described, gave : 
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The lodhffdrohramidey (O^JBrNECOCEz^iffBrJ^, in the 
form of red prifons. 

Galealated for w.^.^^ 

OiaH,flN,O.Br,HBr.I,. roaxuL 

I .33.2 31.1 



Br 



10.5 



10.6 



The 18 :1 Eydroiodide, {C^H^BrNHCOCE;)^!, was ob- 
tained as a colorless, crystalline precipitate. 



Calonlated for 
OiaBi«NsO|Br,.HL 

. 22.8 



Voond. 

22.3 



Thelodhydroiodide,{C.H^BrNHOOCH;}tHI.It, 
prepared from the above, separated in dark-red, 
triclinic crystals. These attained a diameter of 
0^ mm. The &ces observed are the following : 

a, 100; m, 110; x, TOl ; n, Oil. 

The faces were smooth and bright and gave 
good reflections. From the angles marked by an 
asterisk in the table below, the following axial 
ratio was determined: 




Fig. 4. 





a : J : c = 1.853 


1:3.016; /S = 


79° V- 






MMwmd. 


^Iftl^lft^^ 


a 


A n, TOO A Oil 


•93" SC 


... 


m 


A »', 110 A Oil 


•142" 40' 


• . ■ 


a 


A »w, TOO A 110 


•61» 81' 


... 


a' 


AS!, TOO A TOl 


34° 28' 


34° 24' 


l»"'Ad',I10A0ll 


30° 28' 


30° 43' 


d 


A SB, Oil A TOl 


82" 47' 


82°46i' 


m' 


A as, TIO A TOl 


66° 36' 


66°36i' 


m" 


A <r, no A Oil 


36° 44' 


36° 46' 



The lodhtfdroiodidey CC^.H^BrNROOOE^)^EIJ^, was ob- 
tained in the form of deep-red, monoclinic twins. Enough 
faces were not shown to permit of satisfactory crystallographic 
description. 



Gidenlated for 
C,BHMN,0,Br,m.l4. 

. . 69.68 



69.76 
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Exper\ment9 with Methylmetanitroaeetanilide. 

The 1 : 1 Eydrolramide, C^njNOJfCHtCOOH^.HBr. — 

This and not the 2 : 1 salt was obtained directly in the form 
of a colorless, crystalline precipitate. 

Oalenbted for «u-.^ 

OAoNtO».HIir. WvoaA. 

Br 29.0 28.3 

77ie Bromhjfdrobramide, (^C^^O^OH.COOffi)^Br.Br^. 
— The above 1 : 1 salt gave this perhaJide in the form of small 
dark-yellow, well-developed, stout prisms. It slowly evolves 
bromine on exposure. 

Galenlatod for Found. 

CuBaoNAOaHBr.Br,. I. IL 

Br .... 38.1 37.2 37.4 

The lodhydrohromide, (^C^HJfOJfCH^COCnt^HBr.I^ — 
This was obtained as a black mass, which under the micro- 
scope appeared to consist of needles. The powder was dark 
bottle-green. 

Cftloolatod for vn««ji 

CiAoN«0«HBr.I«. Jroona. 

Br 8.1 8.1 

1 61.9 62.8 

When hydrogen iodide was passed into an ethyl acetate 
solution of methylmetanitroacetanilide, the acid was reduced 
and no precipitate was formed. 

Experimente with FarmanUide. 

The9:l HydrocUoride, (CltE,NHCEO)^Ha. — Whenhy- 
drochloric acid is passed into a solution of formanilide in dry 
benzene, the product obtained is generally a mixture of the 
2 : 1 and 1 : 1 salts. The 2 : 1 salt was obtained as a colojv 
less, crystalline precipitate, which soon absorbed moisture 
and decomposed on exposure. 

Oalonlftted for «m.m4 

OuHi4N,0,.HOL ^oaiaa, 

a 12.7 12.3 

TheS :1 ffydraiodide, CC^^EbNECHO)^. — The salt, ob- 
tained apparently in the form of needles from a benzene solu- 
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tion, rapidly absorbs moisture from the air, becoming sticky 
and decomposing. For analysis it was rapidly pressed on 
paper and dried over sulphuric acid in a vacuum-desiccator. 
The analysis indicates that a slight decomposition was not 
avoided: 



Caloalatod for 



VonsoAm 



34.3 31.2 



The 1:1 Eydroiodide, O^H,NHCHO.m, differs decidedly 
in appearance from the above 2 : 1 salt. It separates from an 
ethyl-acetate solution in granular condition, and is more stable. 
An iodine determination gave 48.0 per cent of the halogen 
instead of the 51.0 per cent. 

Attempts were made to prepare perhalides from the salts of 
formanilide, but when these were warmed in glacial acetic 
acid the anilide was saponified. Similar results were obtained 
with the salts of paraformtoluide, the salts of the formyl com- 
pounds being considerably less stable than those containing 
the acetyl group. 

Other Hxperiments. 

The 2 : 1 Hydrochloride, {C^H^NOtNECOCH^i^HCl, was 
obtained from a chloroform-solution of metanitroacetanilide 
and hydrogen chloride. 



Calonlatodfor 
CuHi^«0«.HOL 



Vound* 



CI 8.9 8.7 

Under similar conditions methylacetanilide, dipenylbenz- 
amide, diethylbenzamide, and methylbenzanilide gave no pre- 
cipitate with either hydrogen chloride or bromide, ethyl 
acetate or chloroform being used as the solvent. Benzamide 
was not precipitated from a chloroform solution by hydrogen 
chloride, although this amide gives salts with the halogen 
acids. From ethyl acetate hydrogen chloride and bromide 
precipitated the 1 : 1 salts of paraformtoluide, and from ben- 
zene, benzamide was precipitated as a 1 : 1 salt by hydrogen 
iodide. 

Nbw Hatxn, May, 1887. 
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ON DIACTL ANILIDES.* 

Bt H. L. wheeler, T. E. SMTTH^ and c. h. wabben. 

It has frequently been observed that foimanilide shows a 
departure from the other anilides in many of its properties, 
and it has been stated that this would seem to indicate that it 
is not an anilide or, in other words, that it does not contain 

the formyl group — C^^- 

In the diacyl anilides the formyl group exists as represented 
above, and it seemed of interest to compare ciystallogiaphi- 
caUy the formyl derivative in one of these series with those of 
its homologues. We have, therefore, prepared the following 
series of diacyl anilides, and find that some of these compounds 
are especially suitable for a crystallographic examination: 

CHO 

FormylbemeneiiUphanilidej CjH,N<gQ q ^ . 

COCH 
Acetylbenzenesuiphanilide^ C^^Koq q tt • 

PropionylbemeneiiUphanilidej ^J^^<^Q(y^ *• 

7irBvtyrylhenzene9ulphanilide^ CjH,N<gQ ^ h *• 

COC H 
Bemot/lbenzenesvlphanilidey CeH,N< gX q gf • 

Benzoylhenzene9ulpJhar^naphthdlidej „^ COCeHj 
Benzoylbemenesuiphr/S^naphthdlide^ *® ^ "^SOiCeHj" 

The results of the crystallographic examination of these 
compounds show that acetyl and propionylbenzenesulphanilide 
exhibit close crystallographic analogy, the compounds being 
monoclinic, hemimorphic, and pyroelectric, their crystal- 
lographic axes and the angle fi being similar* 

* Amer. Chem. Jour., ziz, No. 9. 
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On the other hand, formylbenzenesulphanilide, which is 
orthorhombiCy shows no analogy whatever with these com- 
pounds. It may be added that crystals of formanilide which 
we obtained show no analogy with those of acetanilide. 

Since a compound with the true foimyl group may exhibit 
a departure in physical properties from those of the homo- 
logues it follows that a similar departure in physical proper- 
ties in the case of formanilide, formic acid,* etc., cannot be 

taken as evidence against the presence of the group ^C^^ 

in these compounds* 

Knight t has recently investigated the action of benzoyl 
chloride on benzenesulphanilide on the one hand, and of ben- 
zenesulphochloride on benzanilide on the other, with the ex- 
pectation of obtaining benzoylbenzenesulphanilide if benzanilide 
has the normal structure. As a matter of fact, the reactions 
did not proceed as expected, but in both cases dibenzanilide 
was formed. 

Believing this result to be due to the secondary action of 
hydrogen chloride, which is formed in both reactions, we have 
heated benzoylbenzenesulphanilide with dry hydrogen chlo- 
ride, and have found that benzoyl chloride was liberated, and 
also that the diacyl amlide, in the presence of benzoyl chloride, 
is readUy converted into dibenzanilide. 

The explanation of the formation of dibenzanilide in the 
case of Knight's experiment is therefore as follows : Benzoyl- 
benzenesulphanilide is first formed in both cases, and a por- 
tion of this in the presence of the resulting hydrogen chloride 
forms benzoyl chloride, which converts the remaining benzoyl- 
benzenesulphanilide into dibenzanilide. This is the more 
probable, since Knight states that in both cases the same phe- 
nomena were observed. Moreover, it has been customary to 
prepare diacylsulphamides by heating the sulphamides with 
acyl chlorides. These results are, therefore, in favor of the 
normal structure for benzanilide. 

* Freer and Shennan, Amer. Chem. Jour., xriii, 626. 
t Ibid, zix, 162. 



Digitized by 



Google 



128 



ON DIACYL ANILIDES. 



The diacyl anilides containing the benzenesulpho groups 
behave with alkali precisely like the other mixed diacyl ani- 
lides. In each case, so far as examined, the lower acyl group 
is first removed.* 

The authors take pleasure in acknowledging their great in- 
debtedness to Professor S. L. Penfield, under whose direction 
the following crystallographic results were obtained : 

Experimental ParL 

FormtflbemenesiUphanilidej O^H^N^oq n ff* — This com- 
pound was prepared by acting on phenyHormimidoethyl ester 
with benzenesulphochloride, as previously described.f The 
structure assigned to this substance follows from its method of 
preparation and its subsequent decomposition with alkali. 
The crystals for measurement were obtained from absolute 
alcohol in each case. Formylbenzenesulphanilide is ortho- 
rhombic, and the following forms were observed: 

a, 100 m, 110 e, 201 

by 010 rf, 101 p, 111 

The measurements are as follows, those marked with an 
asterisk being taken as fundamentals. 









Itannd. 


Otlonlated. 




a A e, 100 A 201 = •66° 63' 


. 


f^^^ 


. a A d, 100 A 101 = 71° 15* 
»» A m, 110 A ITO = •67° 44* 


71° 17' 




1 


j 


• • • 


\ 


1 


1 


d A d, 101 A TOl = 37° 26* 


37° 25' 


^ 


!.a , 


nj 


i> A d, 111 A 101 = 23° 17' 


23° 18' 


i 




j 


1> A a, 111 A 100 = 72° 61' 


72° 60' 


1 

^ 


-j!^~s} 


! 


p Ai>, 111 A 111= 34° 14' 
b „p, 010 A 111 = 66° 3^ 
axes a:b:c = 0.6711 : 1 


34° 18' 
66° 42' 
1.0998. 


^ 


^ i 


^ 



The crystals of formylbenzenesulphanilide present the habit 
shown in Fig. 1. They were small when compared with 

* Compare alio Bemten and Palmer, Amer. Chem. Jour., riii, 243. 
t Wheeler and Walden, n}id., six, 186. 
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some of the other diacyl anilides, rarely exceeding 5 mm. in 

length. They have a tendency to grow in the direction of 

the b axis. On the majority of the crystals it was found that 

the fuU number of the e and d faces were not developed, thus 

giving the crystals a decidedly monoclinic aspect. 

COCH 
AeetylbenzenesulphanUidey (^A^<gQ(jh' — This and the 

following diacyl aniMes were prepared by acting on the sodium 
salts of the sulphanilide in dry benzene with acid anhydrides. 
Their formation results more smoothly in this manner than 
when the sulphanilides are heated with acid chlorides. The 
structure assigned to these substances follows from their 
method of preparation, since Blacher* has shown that the 
sodium salt of benzamide gives with benzoic and acetic an- 
hydrides dibenzamide and acetbenzamjde, and these diacyl- 
amides have both acyl groups attached to nitrogen, as proved 
conclusively by Wheeler and Walden.| 

Acetylbenzenesulphanilide separates from very dilute solu- 
tions in the form of large, rough, colorless, monoclinic plates, 
having a tendency to form clusters. From more concentrated 
solutions small, finely developed crystals, 1 to 2 mm. in length, 
grow, while from still more concentrated solutions the sub- 
stance comes down in long thin needles. When the material 
was crystallized from alcohol, it melted constantly at 116.5''. 
A nitrogen determination gave the following result: 



Fonod. 



Calenlated far 
Oi^HuNOaB. 

N 5.09 4.91 



The crystals are hemimorphic, as shown in Fig. 2. The 
forms observed are: 

a, 100 t, TOl j>, Til 

6, 010 dy Oil 

c, 001 di, Oil 

The faces 6, rf, and p were observed at that extremity of the 
h axis, where negative electricity developed, when the crystals, 

« Ber. d. chem. Qe»^ xxTiii, 2366. t Loc. dt 

VOL. n.— 9 
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which had been heated for some time, were cooled, while at 
the other extremity d alone occurred. 
The measurements obtained are as follows : 

HeMuod. 

a A c, 100 A 001 = •Gi^ 66^ 
dAd, Oil A OIT = «75^ 69' 
c A «, 001 A TOl = ♦eS^ 56' 



c A <i, 001 A oil = 


61° 69' 


62° oy 


aAd, 100AOn = 


76° 0* 


74° 62' 


aAi>, T0OaTH = 


64° 62' 


66° 2' 


p A d, Til A Oil = 


40° 8' 


40° 6' 


«aP,T01aI11 = 


47° 44' 


. • . 


p A d, 111 A on = 


84° 48' 


84° 49' 



Axes = a:b:e = 1.225 : 1 : 1.4138. ^3 = 100 a 001 a 64^ 69'. 





Ffff.». 

Propionylbemene9ulphanilidey Gf^s^Kgo^H^^' ~ '^^ 
product of the action of propionic anhydrid on sodium ben- 
zenesulphanilide was ciystallized from absolute alcohol when 
it melted constantly at US'". 

Oaloolated for w.*...^ 

Cu|Hj,NO,B. '«™^- 

N 4.8 4.7 

The crystals are hemimorphic, Fig. 8, representing the pre- 
vailing habit, while more complicated crystals, like Fig. 4, were 
only occasionally found. 

The forms observed are : 

a, 100 <?, 001 di, 0T2 

b, 010 n,8T0 X, 812 
bi, OTO d, 012 xi, 8T2 

The faces xi and ni are developed at that extremity of the 
( axis, where positive electricity occurs, when the crystals 
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which had been heated for some time were cooled. The face 
X, when obeerved, was always smaller than rci, while ( and d 
were about equal in size to Ix and (2i. 
The measurements are as follows : 



Axes = a 



OAd, 100a012 = *69« r 


• ■ ■ 


dAd, 012 A 0T2 = •64° 46' 


• • • 


a AX, 100 A 812 = •38« Sy 


. . • 


a AC, 100a001= 65° 0' 


66° 2' 


b AX, 010 A 812 = 68° 62' 


68° 52' 


o A %, 100 A 810 = IQ'Sy 


19° 81' 


e AX, OOT A 812 = 82° 0' 


82° 0' 


A »h, 001 A 510 = 66° 32* 


66° sy 


* A n„ 010 A 8T0 = 70° 2^ 


70° 29* 


d A a;., 0T2 A 8T2 = 71° 64' 


71° 66' 


:*: c = 1.170 : 1 : 1.390. ^8 = 


100 A 001 = 





Fiff.3. 



Vlg-4* 



From "very dilute solutions, containing only a few grams of 
material, this compound grows in crystals enormously elon- 
gated in the direction of the a axis, some of the crystals at- 
taining a length of 75 mm. and a diameter of from 2 to 3 mm. 
On account of the fact that these crystals show entirely dif- 
ferent habits from those of the acetyl compounds, it was 
thought at first that no analogy in crystalline structure ex- 
isted between them. By adopting, however, appropriate in- 
dices for the faces, a close similarity in the axial ratios of 
these hemimoiphic compounds may be observed as follows : 

Acetyl a:b:c = 1.225 : 1 : 1.4138 /8 = 64^ 66'. 
Propionyla:6:c = 1.170:l:1.390 /8 = 66^ 2^. 
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nrButyrtfliemenettdphamlide, C^^<^^^^^*^^\—Thjs 

compound, prepared in the same manner as the acetyl and 
propionyl compounds, gave stout prisms when crystallized 
from alcohol, melting at 89°-90°. Satisfactory measure- 
ments, for a crystaUographic description, were not obtained. 
A nitrogen detennination gave: 

Cftloateted for «m,«^ 

C^„NOiB. »"°»^ 

N 4.62 4^ 

COC H 

Benzoylbenzenesulphanilidej C^BgN^oQ q g* — The crys- 
tals of this compound were small and well developed when 
grown from a dilute solution, not being more than 2 mm. in 
length. From more concentrated solutions it comes down in 
long, thin needles. It was found that the crystals of this 
compound were monoclinic but showed no hemimorphic or 
pyroelectric properties. When crystallized repeatedly JProm 
alcohol, they melt at 114^-115^, and a nitrogen determination 
gave the following results: 

N 4.16 4.29 

The forms observed are: 

6,010 c, 001 111,110 ^,120 «,T01 
The measurements obtained are the following: 

MflMUttd. Oakmktod. 

c A X, 001 A TOl == *80*' ly 
c A m, 001 A 110 = ♦61*^ 60' 
m A wi, ITO A 110 = ♦68° 66' 
waZ, 110 a 120= 19^26' 19^27' 
c A ^ 001 A 120 = 70*^ 19' 70° 17' 
m A aj, 110 A lOT = 64° y 64° 6' 
I A «, 120 A lOT = 64° 34' 66° 0' 
Axes a : 6 : c : = 0.8373 : 1 : 1.176. )8= 100 a 001 = 65° 4'. 
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Fig. 6 represents the prevailing habit of benzoylbenzene- 
sulphanilide. No close crystallographic relation was found 
between this compound and the preceding ones. 

A snudl quantity of the above compound was 
heated in a test-tube to 180^. Dry hydrogen 
chloride was passed in and benzoyl chloride was 
formed. When the diacyl anilide was heated 
with benzoyl chloride to 180^ for ten hours, a 
reddish oil was obtained, which solidified on 
cooling. This was crystallized from alcohol, 
when a mass of colorless needles was obtained, 
melting from 160^-161°. A nitrogen determi- ^^'^ 

nation gave 4.93 per cent of nitrogen, while the 
calculated percentages for benzanilide and dibenzanilide are 
7.07 and 4.65, respectively. The material formed by this 
treatment was therefore dibenzanijUide. 

Benzenettdph-a^naphthalide, OioHfNffSO^O^E^. — This was 
obtained by the Baumann-Schotten reaction in the usual 
manner. When crystallized from alcohol it separated in 
needles and melted at 168'^ -169°. A nitrogen determination 
gave: 

N 4.94 4.47 

SenzoylbenzenesulpJharnaphthalicle, CioSf^KgQ q j^> — The 

crude material in this case was purified by boiling with abso- 
lute alcohol, washing with sodium hydrate, and then crystal- 
lizing from a mixture of benzene and ligrom. It formed 
minute crystals, which melted constantly at 193°-194*', and 
which seemed to be pure. Nitrogen determinations in differ- 
ent samples, however, invariably came low. 

Oaknlatedfor VwaA, 



N . . . 3.61 2.78 3.06 2.72 2.90 

Benzenesulph-fi-wiphthalide, CioHjNffSO^C^E^ — ThiB mar 
terial crystallized poorly from dilute alcohol in small, oblong 
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plates or flattened prisms, which apparently melted constantly 
at 97^ 

N 4.9 4.7 

Benzoylbemenesulph'fi^naphthalidej GioBfNKigQ^ ^. — This 

consisted of minute, fine, white needles, melting at 161''- 
162.^ 

N 3.6 3.4 

FarmanUide, C^H^NHCHO. — The crystals for examination 
in this case were prepared by spontaneous evaporation of a 
solution of the anilide in a mixture of low-boiling ligroln and 
ether. This gave monoclinic crystals about 6 or 7 mm. in 
length, and the following forms were observed : 

a, 100 c,001 d,101 rf,011 i>,112 

The measurements obtained were as follows : 

MMMand. Oaloulatod. 

c A e, 001 A 101 = ♦26° 17' 
a A c, 100 A 001 = *85*^ 6' 
A d, 001 A Oil = 67** 20' 
a A e, 100 A 101 = 
d A d, Oil A Oil = 
a A rf, 100 A Oil = 
e A rf, 101 A Oil = 
l)Ai>, 112aT12 = 

Axes = a : ft : c = 2.188 : 1 : 2,403. )8 = 100 a 001 = 85*^ 6'. 

^ ^ ^^ The crystals of f ormanilide were 

^y e \ Pi \ ^^^ *^® mo^t part imperfect and gave 

>>r ^w P^^^ reflections. Acetanilide has been 

^ ^v-- 9l.^.^,Jm measured by Bucking,* and was 

\y> ^•'—ff found to be orihorhombic, the axes 

w«-e^ a :<? = 0.848 : 2.067. 

Nbw Havsh, May, 18Q7. 

♦ Jahresb., 1877, 670. 



68° 62* 


68° 4y 


46»24' 


46° 20' 


87" 67' 


88« 6' 


80° 8i' 


80° lOi' 


83° 8' 


88° 0' 
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NOTE ON DOUBLE SALTS OF THE ANILIDES 
WITH CUPROUS CHLORmE AND CUPROUS 
BROMIDE.* 

By WILLIAM J. COMSTOCK 

Ik studying the behavior of certain "Schiff bases" toward 
cuprous chloride and cuprous bromide, it seemed to me de- 
sirable to find derivatives of the cuprous halides which should 
be soluble in organic solvents and give up the halides easily. 
In looking for such derivatives, I found the acetanilide salts 
here described. As the anilides enter so few combinations in 
which the basic character of the nitrogen appears, it seems 
worth while to show that acetanilide is not an exceptional 
case. The fonnyl compounds give similar double salts with 
the greatest ease, but the fonnyl group splits off so easily 
under the condition necessary for their formation, that accu- 
rate analytical results are difficult to obtain. For instance, 
when formanilide is added to a solution of cuprous bromide in 
a mixture of formic and hydrobromic acids, there is formed at 
once a salt crystallizing beautifully in well-developed, colorless, 
doubly terminated prisms. On standing for but a few minutes 
at oidinary temperature, a change into small plates with very 
noticeable pearly lustre, can be observed. These plates 
consist of the double salt of aniline with cuprous bromide, 
C^H^NHaHBrCuBr. The corresponding salt of formparatolu- 
ide was, however, obtained, and gave on analysis sufficiently 
accurate results. 

An interesting series of perhalides of the anilides has been 
carefully studied in this laboratory by Wheeler and Walden.f 
It will be seen that the salts here described, 

* Amer. Chem. Jour., xx, Na 1. 
t Ibid., zriii, 85. 
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(Anilide), + HBr + CuBr, and (anilide), + HBr + 2CuBr, 
correspond to two of the three types of perhalides obtained by 
the above-mentioned investigators. 

Experimental. 

(^C^H^NH.O0CHt\nClCuOl.—AvL advantageous solution 
for the preparation of this salt consists of a mixture of one 
volimie of glacial acetic acid, one volume of strong hydro- 
chloric acid, and two volumes of water. The acetanilide and 
cuprous chloride are dissolved in the hot mixture in the pro- 
portion indicated in the above formula. On cooling, the so- 
lution solidifies to a mass of long, thin, white prisms. When 
freshly prepared and not quite dry, the salt dissolves easily in 
alcohol, crystallizing in beautiful, long prisms, when the hot 
concentrated solution is allowed to cool slowly. This com- 
plete solution in alcohol is doubtless due to the small quantity 
of hydrochloric acid which has not yet been removed, as the 
perfectly dry salt always leaves a small residue of cuprous 
chloride when treated with alcohoL However, many grams 
of the dried substance will form a clear solution in alcohol to 
which a few drops of dilute hydrochloric acid are addded. 
Methyl alcohol and acetone can also be used for recrystaUiz- 
ing it. Protracted boiling of the solution splits off the acetyl 
group. The compound has no sharp melting-point. When 
heated slowly it darkens at about 140'' ; complete fusion, ac- 
companied by violent decomposition, takes place near 170°. 
Freshly prepared it is entirely colorless, but it usually has a 
faint yellow color by the time it is dry, especially when pre- 
pared in quantity. When dry it is quite stable, and can be 
kept for months with no change of color, unless exposed to 
moist air. It does not lose hydrochloric acid in vacuo over 
potassium hydroxide, and when dry can be heated to 100® 
without loss of weight. The following analytical results were 
obtained: 



Cu . 


(Monlitedtor 
•bon eampodUon. 

. . 16.64 


VMmd. 
L n. 

16.73 16.77 


CI . 


. . 17.51 


17.50 17.47 
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{CiiffiNSOOCEt)tffBr.CuBr.—T]uB salt can be prepared 
from its constituents by using a mixture of one volume glacial 
acetic acid, one volume hydrobromic acid (sp. gr. 1.49), and 
two volumes of water. More advantageous, however, is the 
preparation in alcoholic solution. The anilide and bromide are 
used in theoretical proportion, the hydrobromic acid in slight 
excess. Sufficient alcohol is used to effect complete solution 
at the boiling-point, and the hot solution cooled slowly. The 
salt separates in long, colorless, doubly-terminated prisms. 
Similarly to the cuprous chloride salt, it dissolves completely 
in alcohol, methyl alcohol, and acetone, if a drop of hydrobro- 
mic acid is added. While drying, the crystals show tempo- 
rarily on the surface that purple color so characteristic of 
copper compounds in presence of strong hydrobromic acid ; 
but when dry they have at most a light grayish color. The 
dried salt is fully as stable as the corresponding chloride. On 
heating, it begins to darken at about 170^, and melts with 
decomposition from 185^ to 195^, according to the rapidity of 
heating. Analysis gave the following results : 





VMOOlMOa. 


I. 


n. 


Cu . 


. . 12.82 


13^ 


13.20 


Br . 


. . 32.36 


32.39 


32.41 



{Cf^ffi<2iffQQQjjjiSBrCuBr. — Parabromacetanilide gives 

with cuprous bromide a double salt of the above composition. 
The compound separates in long, colorless prisms, on cooling a 
hot solution of the constituents dissolved in a mixture of two 
volumes of alcohol and one volume of hydrobromic acid (sp. 
gr. 1.49). The substance thus prepared and dried in vacuo 
over sulphuric acid and potassium hydroxide, was used for a 
copper estimation, which gave 9.79 per cent copper. For the 
above composition the theory requires 9.72 per cent copper 

Formparatoluide and Cupraui Bromide. 

(c^ffi<^^jff^iHBr.20uBr. — TMB salt must be pre- 
pared in the cold and dried quickly. 8 g. of formparatoluide 
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difisolved in 12 c. c. of foimic acid (sp. gr. 1.20) were added 
to a solution of 8 g. of cuprous bromide dissolved in 24 c. c* 
dilute hydiobromic (one volume HBr, sp. gr. 1.49, to one 
volume water). The salt separated at once in colorless, flat 
prisms. It was dried on a porous plate, then in vacuo over 
sulphuric acid and potassium hydroxide. It gave the fol- 
lowing results on analysis: 





fnlmlitiril 


Food. 

L n. 


Cu . 


. . 19^ 


19.67 19.« 


Br . 


. . 37.63 


37.47 
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SECOND PAPEB. 
Bt R L. WHEELSB, P. T. WALDEN, Am H. F. METCALF. 

Ik a pieyious paper, by two of us, it was shown that the 
imidomethyl and ethyl benzoates give acyl deiiyatives with 
acetyl and benzoyl chloride, the reaction taking place as 
follows : 

2CeH.C^^g +C1C0CH,= 

Two molecules of the imido-ester react with one molecule of 
acyl chloride, giving one molecule of acyl inudo-ester and one 
molecule of the imido-ester hydrochloride. 

We now find that the acyl imido-esters may also be prepared 
from the silver salts of diacyl amides. Silver dibenzamide 
gave, with ethyl iodide, a product identical in eveiy respect 
with that obtained from benzimidoethyl ester and benzoyl 

chloride; t. e., CeHjC^Q^j^* *. The product had entirely 

different properties from those of the isomeric nitrogen ethyl 
compound, C«HiC0N(C»Hi)C0C6HB, which was prepared 
from ethylbenzamide. The reaction, therefore, takes place as 
follows: 

The behavior of the silver salts of diacyl amides towards 
* Amer. Chem. Jour., xx, Ko 1, Januaiy, 1896. 
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ethyl iodide is thus shown to be perfectly analogous to that 
of the silver salts of monoacylamides * and anilides. f 

The acyl imido-esters are very reactive substances, and it 
was with difficulty that some were obtained in a state of ap- 
proximate purity. They react with water, immediately in the 
presence of acids, in either of two ways ; t. e., alcohol is sep- 
arated, and a diacylamide results, or a monoacylamide and an 
ester are formed. These decompositions may be represented 

as follows: 

J. COC.H, 

QH^cf + H,o = c.H*c— ors I 

OCH, ^idiDH, j 

• 7...i 

As &r as observed, the acetyl, propionyl, butyryl, carb- 
ethoxyl, and benzoylbenzimido esters behave in the above 
manner, while benzoylphenylacetimidoethyl ester and those 
imido-esters containing the acyl group, — COCO.OCsH,, do 
not give diacyl amides, but readily decompose as follows: 



.NCOCeH, A H 

CeH^CH^Cf + H,0 = CeH^CHaC— iS'iH 

OC,H. 

These reactions show conclusively that the diacyl amides 
have both acyl groups attached to nitrogen. 

To what extent the acyl imido-esters decompose according 
to the first representation, otherwise than indicated above, 
remains to be investigated. At present this decomposition 
suggests an easy method for the preparation of certain diacyl 
amides, it being only necessary to treat the reaction-product 
of an acyl chloride and an imido-ester, with hydrochloric 
acid, when the diacyl amide immediately separates pure and 
in crystalline form. 

The instability of the acyl imido-esters in the presence of 
moisture, acids, etc., recalls the similar behavior of the oxy- 

• Tafel and Enoch, Ber. d. chem. Get., zxiii, 104. 
t Comatock and Eleeberg, n)id., xii, 408. 
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gen ethers of succiiiimide,* which readily separate alcohol 
and revert to succimmide. The groupmg RC^^^tt be- 
comes less stable in the presence of moisture as the negative 
character of the groups R and R' are increased. 

When benzoylbenzimidoethyl ester is heated with benzoyl 
chloride, it reacts slowly and tribenzamide results: 

.^NCOCeH, / COC.H, 

C«H»Cf + ClCOCeH, = CeH,C— iCl " 1 



This reaction is analogous to the action of acyl chlorides 
on the isoanilides,t in which case diacylanilides were formed. 
It therefore indicates that in the triacylamides all three acyl 
groups are attached to nitrogen. An attempt was made to 
determine the structure of the triacylamides and to prove the 
equivalence of the three bounds of nitrogen, in respect to acyl 
groups, by allowing benzoyl chloride to react on aoetylbenz- 
imidoethyl ester, on the one hand, and acetyl chloride on 
benzoylbenzimidopropyl ester on the other. Tribenzamide, 
however, was formed in the first case while, in the second, 
nothing but decomposition-products were observed. 

When the acyl imido-esters are treated with ammonia or 
bases, acylamidines are formed: 

CeHjC^ + H,NR = CeH^C-OCH, 

OCaH, ^NHE 

The structure of these cannot be determined by their 
method of formation since the above hypothetical addition- 
product can give up alcohol in two ways, giving either 

J^COCeH, NHCOCeH, 

CeHsCf^ or CeH,C/ 



< Comstock and Wheeler, Amer. Chem. Jour., xiii, 619. 
t Wheeler and Walden, Ibid., six, 129. 
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The acylamidines will be described in a later paper. 
When benzoylbenzimidioethyl ester was heated in a stream 
of diy anunonia, the following decomposition was observed : 



CAcfl 



NiCOCjH, 

i = CeH.CN + CeHeCONH. + CH.OH. 
iOC,H. + NH,.: 



The violence with which acyl chlorides, but especially acetyl 
chloride, react with the imido-esters, isoanilides, or compounds 

containing the arrangement ^0^'^^,,^ in which the radical 

B ' is not a negative (acyl) group, suggests that it would be of 
interest to compare the behavior of some rings supposed to 
contain this grouping. At present we have tried the trimethyl 
ester of normal cyanuric acid. This, if constituted as de- 
scribed in the text-books, formula (A), contains three of the 
above groups and should react, giving the triacetyltricarboni- 
mide of Ponomarew.* 

(A). (B). 

N N 

/ ^ /K 

CH,0-C C-OCH, CTa,OCv .COCH, 

^C^OCH, ^<ioCH. 

The trimethyl ester was prepared by the directions of Hof- 
mann f from cyanuric chloride and sodium methylate. It was 
then found that this ester can be crystallized unaltered from 
acetyl chloride, and no action at the boiling-point of acetyl 
chloride was observed. It seems, therefore, improbable that 
there are three double unions in the normal cyanuric esters, 
or, which is practically the same, that they contain para 
bonds. The inertness of this ester, however, might be ex- 
plained by the centric formula (B), or it may be due to the 
ring formation. It is our intention to continue this work on 

« Ber. d. chem. Gee., zriii, S276. t Ibid., xiz, a06a 
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the action of acyl chlorides on ring-formed compounds which, 
theoretically, may be considered as derived from the group- 

Hxperimental Part. 

Bemimidamethyl Ester ^ ^^^^^^OCH' — ^^^ ^® prepara- 
tion of acyl imido-esters, freshly prepared and distilled imido- 
esters were used. The imido-ester hydrochlorides were pre- 
pared by Pinner's well-known method, and the free esters 
according to Bushong's directions.* 

This compound boiled at 96° under a pressure of 13 mm. 
Bushong found it to boil at 96'' at 10 mm. In a previous 
paper f it was stated that benzimidomethyl ester deposits benz- 
amide on standing. This is not the case when the ester is 
prepared from benzonitrile by the method of Pinner, and then 
distilled. The pure ester may be kept for months without 
any apparent change. A specimen exposed in a test-tube 
plugged with cotton, after standing a year, deposited a few 
crystals. These melted at 230°, ajid were, therefore, cyan- 
phenine. 

The Pieraie, C^H^C'^Q^^.C^H^{NOt)tOJS. — An alcoholic 

solution of picric acid added to benzimidomethyl ester in 
ether gives a heavy, lemon-yellow, crystalline precipitate. 
This melts at 163°, and from alcohol or water it forms stout 
prisms. A nitrogen determination gave: 

OaUmlated for -r,, ^i 

ChH«N,0^ Foand. 

N 16.38 16.06 

Bemoylbenzimidomethyl Uster, (^^^iC\Qnff * *• — When 

benzoyl chloride is mixed with benzimidomethyl ester in 
ethereal solution, in the proportion of one molecule of the 
former to two of the latter, the reaction is practically complete 

• Amer. Chem. Jour., zyiii, 490. t Ibid., zrii, 896. 
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in twenly-f our hours. It was found advisable to treat the re- 
action-product here, as in most of the other cases, as follows : 
On filtering fiom the imido-ester hydrochloride, the ether 
solution was shaken with dilute alkali, dried over solid potas- 
sium hydrate, then calcium chloride, and finally, on evaporating 
off the ether, the products were usually obtained as oils. This 
compound, unlike the corresponding ethyl and isobutyl de- 
rivatives, refused to solidify without decomposition. It was 
found to boil from 210*^ to 212"^ at 12 mm. pressure. A nitro- 
gen determination in the colorless oil thus obtained gave : 

CaloolAted for w0«„*a 

N 6.8 6.6 

When benzoylbenzimidomethyl ester is treated with a drop 
of hydrochloric acid in alcoholic solution, dibenzamide sepa- 
rates. Dibenzamide is also deposited when the material is 
allowed to stand. 

Carbethozyttemimidomethyl Efter^ C^H^C\^^^ * *. — 

Benzimidomethyl ester and chlorcarbonic ethyl ester were 
boiled in ethereal solution for a number of hours. On cool- 
ing the ethereal solution, plates separated. These melted at 
about 126° and on crystallizing from water melted at 128**. 
This material proved to be benzamide. The ether was evap- 
orated, and a mixture of oil and crystals of benzamide obtained ; 
on distilling this at 14 mm. it was found to boil from 148° to 
156°. This fraction was treated with a mixture of equal 
volumes of ether and ligroln, filtered from precipitated benza- 
mide, and then, after evaporating the solvent, a colorless oil 
was obtained which boiled at 155° at 14 mm. pressure. A 
nitrogen determination gave the following result: 

Onlcnlttted for w^.^ 

C„H«N0.. »«»«• 

N 6.7 6.9 

BenzoylurethaneyC^H^ CONffOO^CtE^.—A few drops of the 
above material were treated with cold dilute hydrochloric acid, 
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the mass then solidified, and, on washing with water, it melted 
from 110*" to 111°. This soliddissolved readily in dilute sodium 
hydroxide, and was precipitated unaltered by dilute hydro- 
chloric acid. It had all the properties of benzoylurethane, 
as described by Pechmann.* 

Mhyloxalylbenz%m%damethylI!9Urj OiffiO\^^„ \— 

7.7 g. of ethyl chloroxalate were slowly dropped into 16.4 g. 
of benzimidomethyl ester, largely diluted with dry ether. 
The reaction is violent and is complete when the ester is 
all added On filtering and evaporating the ether a clear 
colorless oil was obtained. This was distilled at 28 mm. 
pressure. Below 206® a few drops collected, the latter por- 
tion of which solidified in flattened prisms, which melted at 
114^-116*^ and proved to be oxamethane. From 206° to 207** 
a thick syrup distilled over, which constituted almost the en- 
tire portion^ It was redistilled at 14 mm., when it boiled at 
192®. The latter portion of this distillate gave on analysis : 



Oalenlatod for 
OuHuNOa. 



VoandL 



N 6.96 6.21 

When ethyloxalylbenzimidomethyl ester is exposed to the 
air for some time, or when boiled with water, the odor of 
benzoic ester is noticed and oxamethane results. The forma- 
tion of benzoyloxamethane was not observed in this case, the 
decomposition taking place according to the second method 
mentioned in the introduction. Concentrated aqueous am- 
monia immediately decomposes this acyl imido-ester into 
oxamide and methyl benzoate. It soon solidifies when mixed 
with aniline. 

Bemimidoethyl Ester ^ C^H^ ^\0C H* — '"''^ ^'^^ prepared 
by the method of Pinner. It was observed to distil at 101°- 
102° at 16 mm. pressure. Bushongf gives its boiling-point 
as 106°-109° at 16 mm. 

• Ber. d. chem. Oei., xxTiii, 288a t Loc. cit 

voxh II. — 10 
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yNHJSgOl 
BemimidoeihyUster Mercuric Chloride^ C^H^C—Cl . — 

Not only do the imido-esters give well-ciystallized addition- 
products with picric acid, but also in some cases with mercuric 
chloride. The above was prepared by adding benzimidoethyl 
ester to an alcoholic solution of mercuric chloride. The addi- 
tion-product then separates in a mass of colorless needles. 
It was recrystallized from ether, and a chlorine determination 
gave the following result : 

Oaloulated for v^.,^ 

CI 16.9 16.9 

Acetylhenzimidoeihyl EBter^ C^ff^ (7\ Qnir *• — This com- 
pound we described in a previous paper. We have now pre- 
pared it in larger quantities, and find its boiling-point to be 
156° at 17 mm. instead of 151°. 

When acetylbenzimidoethyl ester is mixed with benzoyl 
chloride, and the mixture kept at a temperature of 100°-120° 
for a number of hours, a mass of needles separates. This 
proved to be tribenzanude. 

Propionylbenzimidoethyl Hater, ^•-^sC'^^^^* *. — The 

mixture in this case was allowed to stand for twenty-four 
hours, and then treated as in the case of benzoylbenzimido- 
methyl ester. The product was an oil which, on fractioning, 
boiled between 161° and 162° at 17 mm. pressure. A nitro- 
gen determination gave : 

Oalcnlated for «u«.^ 

C«H^O^ '^*™*- 

N 6.83 7.08 

Propionylbenzamide, CH^GE^CO.NHCO C^H^. — When the 
ethereal solution of propionylbenzimidoethyl ester is shaken 
with a few drops of concentrated hydrochloric acid, and the 
ether evaporated, this diacyl amide separates in the form of 
needles or prisms. Crystallized from alcohol, it melts at 98°. 
A nitrogen determination gave : 
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CakmUted for v^.^ 

N 7.91 8.08 

Normal Butyrytbenaimidoeihyl JEster^ C^H^ ^\oc H — 

Normal butyryl chloride produces an immediate precipitate 
when added to benzimidoethyl ester dissolved in ether. The 
mixture was allowed to stand twenty-four hours, and then 
treated as in the case of benzoylbenzimidomethyl ester. The 
product was an oil which, on fractioning, boiled at 167° at 
16 mm. pressure. A nitrogen determination gave: 



Found. 



Oftlculated for 
CuHnNOr 

N 6.39 6.64 



Normal Bvtyrylbenzamide, OJS^ CO.NE. CO CiJ?,. — On 
shaking the ethereal solution of the above acyl imido-ester 
with concentrated hydrochloric acid, this compound separates 
in the form of beautiful colorless prisms. These, after three 
crystallizations from alcohol, melted constantly at 104^-105°. 
A nitrogen determination gave : 

Calculated for «u..«ji 

CuH..NO,. ^""^ 

N 7.33 7.96 

/yNGO C H 
Bemoylbenzimidoethyl Uster, C^fi\ qq ^^ *• — This acyl 

imido-ester is the easiest to obtain in the solid condition, 
and therefore probably purer than the corresponding benzoyl- 
benzimidomethyl and propyl esters, which were obtained only 
in the form of oils. In addition to the method already given, 
this compound was prepared from silver dibenzamide, as 
follows : 12 g. of the silver salt, dried at 100**, were sus- 
pended in ether and boiled with an excess of ethyl iodide. 
After several hours the ether, on evaporation, gave an oil, 
which soon solidified, giving the characteristic lozenge-shaped 
crystals melting at 65''. Sulphuric acid converted the ma- 
terial into dibenzamide. 
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Tnbenzamide^ {0^ff^OO)gN. — 4 g, of the above compound 
were heated with 2.2 g. of benzoyl chloride. Little or no 
reaction took place below 100"*, and even at 180^-160° the evo- 
lution of gas (ethyl chloride) was slow. After several hours 
crystals were obtained. These, when crystallized from alcohol, 
melted at about 202"", and were, therefore, tribenzamide. A 
nitrogen determination gave: 



CUoalatodfor 
CaBuNOr 



FonndL 



N 4.26 4.39 

EthyUihenzamide^ (^O^HiCG)%NO^Rt. — For the prepara- 
tion of this compound, which is isomeric with benzoylbenz- 
imidoethyl ester, we wish to express our thanks to Mr. T. £. 
Smith. He prepared this amide as follows : Ethylbenzamide 
was prepared by the Baumann-Schotten method. The sodium 
salt of this, suspended in toluene with benzoic anhydride, gave 
ethyldibenzamide. The product thus obtained crystallized 
from alcohol in colorless prisms, melting at 101''-102''. A 
nitrogen determination gave: 

(MoQlated for w^,uk 

N 4.9 6.2 

MhylaxalylbensBimidoethyl EsteVy ^%^fi\f\C'iT * * *• — 

Ethyl chloroxalate reacts violently when mixed with benz- 
imidoethyl ester dissolved in ether. The product is an oil 
which, on fractioning, boils from 190^ to 195'' at 11 mm. pres- 
sure. The crude material generally contains oxamethane, 
which distils over in the first portions. An analysis of the 
above fraction gave the following result: 



FoondL 



Cftloolated for 
CuHi«2rO«. 

N 6.8 6.0 



This material readily decomposes into oxamethane and 
ethyl benzoate. The formation of benzoyloxamethane was 
not observed. 
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Benzifnido(nor7nal)propyl Ester^ ^^^^\ OCR CH CH* — 
Pinner does not mention this imido-ester in his work '* Die 
Imidoather und ihre Derivate." We obtained it as a color- 
less, pleasant^melling oil, which boiled unaltered at 116.6^ at 
12 mm. pressure, and at 232'' at 765 mm. pressure. 

C,pHi,NO. '^'^^ 

N 8.59 8.69 

The hydrochloride melts at 125^, givii^ off ethyl chloride 
and forming benzamide. 

Oalonlated for «u.»4 

CioHttHO.HCl. '"™*- 

CI 17.79 17.77 

The picratej obtained in the same manner as the correspond- 
ing methyl ester derivative, forms lemon-yellow prisms, which 
melt with charring at 261'', or 98'' higher than the picrate of 
benzimidomethyl ester. 

Acetylbenzimido(normal)propyl E»ter, C^Hfi \Qfrjj q^ q^* 

— When acetyl chloride is added to the imido-ester in ether, 
the separation of hydrochloride begins at once. The mixture 
was allowed to stand twelve hours, the ether solution was shaken 
with dilute sodium hydrate, and, on drying and evaporating, 
an oil was obtained. This was distilled at 12 mm. pressure, 
and the fraction boiling from 158'' to 160" was redistilled, 
when the main portion boiled at 158" at 18 mm. pressure. A 
nitrogen determination gave : 

Oalonlatod for w^^^ 

N 6.83 6.79 

When this acyl imido-ester is exposed to the air or treated 
with acids, it deposits acetbenzamide. 
Bemoylbenzimido(normal)propyl Uster^ 

— This compound was obtained in the form of an oil which 
was distilled at 17 mm. pressure ; the portion boiling from 
231'' to 232.5'' was analyzed with the following result: 
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N 5.24 6.20 

When treated with dilute hydrochloric acid, it gave dibenz- 
amide. 

Bemimidotaolmtifl Ester ^ C^^C^^^ „. — Pinner found 

that when this imido-ester is liberated from the hydrochloric 
acid salt, by means of ammonia, and then a distillation is at- 
tempted, it is largely decomposed. We have found that if it 
is liberated by means of a ten per cent solution of ice-cold 
sodium hydroxide, and then distilled under diminished pres- 
sure, it can afterward be distilled at ordinary pressures with- 
out the slightest decomposition. It was observed to boil at 
9 mm. pressure at 117.6*' to 120°, and at ordinary pressure 
from 248° to 250°. It gives an oily precipitate with alcoholic 
mercuric chloride, which finally solidifies. 

BenzoylbemimidouobiUyl lister^ ^b^a^qqjt^ '• — ^h® 

product in this case was an oil which, when distilled at 15 mm. 
pressure, boiled from 228° to 285°. The distillate easily solid- 
ified and, on crystallizing from ligroXn, it melted constantly at 
64.5°. 

Oaloalatod for «M,«ii 

N 4.9 4.9 

Phenylacetimidomethyl Estevy C^H^CH^C ^ ^p„» — The 

hydrochloride of this imido-ester was prepared by Pinner. He 
does not mention the free base. When prepared as stated in 
the case of benzimidoisobutyl ester, it gave a pleasant-smelling 
oil, which distilled at 114.5°-115° at 20 mm. pressure. 

Phenylacetimidoethyl Ustery CtH^CH^G\ ^^ „* — It was 

found that this ester could be distilled under diminished pres- 
sure. It boiled at 116° at 15 mm. pressure. On attempting 
then to distil it at ordinary pressure it decomposed into alcohol 
and the nitrile. 
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y^NCOC H 
BefnaoylpKenylacetimidoeihyl Ezter^ C^H^CBtCt^ q^ „ ^ *• 

— This was obtained as an oil which did not solidify without 
decomposition. It boils from 215^ to 216^ at 13 mm. pressure. 

CnHi^O,. '<«»*• 

N 5.2 5.9 

In one attempt to prepare the above, a mass of plates sepsr 
rated on evaporating the ether solution. These melted at 
128° and contained 11.81 per cent nitrogen; calculated for 
benzamide, 11.56. The compound, therefore, readily decom- 
poses into benzamide and phenyl ethyl acetate. The above 
analyzed material evidently contained some benzamide, which 
explains the high result for nitrogen. 

Nbw Haten, NoTember, 1897. 
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ON SOME BROMINE DERIVATIVES OF 
2,8-DIMETHYLBUTANE.» 

Bt H. L. WHEELER. 

Theoretigally by the action of one molecule of bromine 
on tetramethylethylene bromide or 2,8-dibrom-2,8-dimethyl- 
butane, 2,8,K^-tribrom-2,8-dimethylbutane should result as 
follows : 

CH« J^^^ CH. ^^^« 

)C(Br)-CBr -> ^C(Bt)^CBt . 

^^« CHg ^^*^^ CH, 

It is immaterial which hydrogen is substituted, as only one 
tribromide would result. Such a compound would be inter- 
esting on account of the possibility of converting it into the 
nitrile of camphoronic acid and this into the acid: 

CHs J^^' CH. J^^^ 

)C(CN)-C-CN -> )C(CO,H)-C~CO,H. 
CHjCN r^o CHjCOjH pxT 

2,8-Dibrom-2,8-dimethylbutane is now readily prepared from 
pinacone by the methods of Baeyerf and Thiele. ]: 

However, the action of one molecule of bromine on this 
compound, which is attacked with exceptional ease, does not 
give a tribromine compound, but, instead, a tetra derivative 
results and a corresponding amount of the material remains 
unaltered. 

Linnemann § states that when isobutyl bromide is acted on 
by bromine, no trace of a dibromide is obtained, but a tri- 

« Amer. Chem. Jour., xx. No. 2. t Her. d. chem. Ges., zxri, 2663. 

t Ibid., xztU, 466. § Ann. Chem. (liebig), cbdi, 84. 
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bromide results exclusively. Linnemann's experiments were 
conducted at 150". The author has found that, when this 
compound is brominated in the presence of iron, the reaction 
takes place readily on the steam-bath, and a dibromide results, 
although the yield is poor and the reaction is by no means as 
smooth as with ethyl and propyl bromides. This dibromide 
is apparently l,2-dibrom-2-methylpropane. This result sug- 
gested the possibility of obtaining the tribromhexane by the 
use of iron. 2,8-Dibrom-2,8^dimethylbutane was therefore 
brominated with iron in carbon tetrachloride, but it was found 
that a tetrabromide results in this case also. 

The product obtained without the use of iron melted con- 
stantly at 128° when crystallized from alcohol or ether. When, 
on the other hand, iron was present, a product melting at 189*" 
was obtained. It was found later, by using carbon tetrachlo- 
ride as a solvent, that the material melting at 128° was impure, 
and that it contained material melting at 189^-140°, and also 
a compound melting much higher. It was also found that a 
mixture of 2,8-dibrom-2,8-dimethylbutane melting at 192"", 
and the tetrabromide melting at 189'' melts at about 128''. It 
is certain that the same tetrabromide results in both of the 
above cases. The products had apparently the same solubility, 
and the crystals were identical in appearance. 

Bouchardat* obtained a tetrabromine derivative from iod- 
hexylene by the action of bromine. This iodhexylene was 
prepared from pinacone hydrate and hydrogen iodide. He 
assigns the melting-point 142"^ to this compound. 

It is probable that Bouchardat's product, melting at 142"^, 
and that of the author, melting at 189"^, are identical, especially 
since in both cases the same compound would be expected. 

Mariuza f prepared a tetrabromhexane from di-isopropenyl, 
(2,8-dimethyl-l,8-butadign) and bromine. This, Beilstein| 
states, melts at 181", and Couturier § confirms the preparation 
of a crystalline tetrabromide from this compound, but does not 
state its meltingrpoint. 

* Compt. rend., Ixziy, 810. t Jour. Rass. Chem. Soc., zxi, 485. 

X The original article is inaccessible to me. 
I Boll. Soc. Chim. (Paris), [8], ir, 80. 
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By the action of alcoholic potassium hydroxide on 2,8- 
dibrom-2,3-dimethylbutane the author has obtained an oil 
(2,8-dimethyl-l,8-butadi3n), which on adding bromine gave 
a tetrabromide. This, on crystallizing from alcohol and ether, 
did not melt at ISl"" but at 139''. From the method of prepa- 
ration it is concluded tiiat liiiB is identical with Mariuza's 
compound. It is identical in every respect with the product 
obtained by brominating 2,3Hdibrom-2,3-dimethylbutane. 
Therefore this compound, the only tetrabromide of 2,3- 
dimethylbutane known at present, is 2,8,K*,K*-tetrabrom- 
2,8-diDiethylbutane, and its structure is as follows : 

CHs /^« 

)CBr-CBr (M. P. 139^). 

CH.Br ^cH^Br. 

JExperimental Part. 

e^DibromJB^imetht/Umtane, ( Cffs)« OBr- CBr( OEt)t. — 
This was prepared by the method of Baeyer by saturating a 
glacial acetic acid solution of pinacone with hydrogen bromide, 
or by adding pinacone to hydrogen bromide solution saturated at 
0° according to Thiele's directions. In both cases the product, 
on crystallizing from alcohol, melted at 192®, or thereabouts. 
There being some discrepancy in the statements regarding the 
melting-point of this compound, a bromine determination was 
made with the result given below. Pawlow * states that the 
compound melts at a temperature higher than 140®, Beilstein 
credits Eltekow f with the statement of 140® as its melting- 
point, and Kaschirsky J 169®-170®, while Baeyer and Thiele 
do not mention its melting-point. Couturier § states that it 
melts at 171® in a closed tube, and Kondakow || says that on 
keeping, the melting-point is reduced to 140®. This shows the 
influence that a slight impurity has on the melting-point of 
the substance. 

« Ann. Chem. (Liebig), cxcti, 124. t Jour. Russ. Chem. Soc, z, 220. 
t Ibid., xiii, 84. § Ann. Chem. et Phys. [0], zzvi, 433. 

II J. prakt. Chem., liy, 431. 
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A bromine determination in a product prepared by Thiele's 
method, which melted at about 192'', gave the following : 



"WoooAm 



CaloQlated f or 
CeHjjBTj. 

Br 65.6 65.4 



2,3-Dibrom-2,S-dimethylbutane, on being mixed with one 
molecular proportion of bromine, evolves a slow but steady 
stream of hydrogen bromide. After a number of hours, when 
the bromine practically disappears, the material washed with 
alcohol and crystallized from ether and alcohol — which re- 
moves some compound which attacks the eyes — melts then at 
128^. A bromine determination gave : 



Found. 



Oaloulatod f or 
CAoB'4. 

Br 79.6 79.1 



From ether, on spontaneous evaporation, beautiful minute 
prisms separated. These seemed to leave little doubt of the 
purity of the substance, but, on crystallizing from carbon tet- 
rachloride the melting-point finally rose, and there was ob- 
tained a small amount of a substance crystallizing in needles 
and melting — not sharply — at 162° (Unaltered material?). 
From the mother-liquor, on standing, needles and granular, 
stout prisms separated. The latter melted at 189°-140**. 

Owing to the difficulty of purifying the material obtained 
in the above manner, attention was directed to the bromina- 
tion in the presence of iron. This proceeds in a smoother 
manner and more rapidly. 

2^BjK^yK^'Tetrabrom'2yZ-dimetht/lbvtane. — This was ob- 
tained when 25 g. of 2,3-dibrom-2,8-dimethylbutane (1 mole- 
cule), 0.6 g. iron wire and 18 g. of bromine (1 molecule 
+ 1.4 g. Br for FeBr,) were mixed in carbon tetrachloride. 
The mixture on warming begins to evolve hydrogen bromide, 
and then further wanning is unnecessary. In a short time 
all the bromine disappears, and this compound separates in 
granular crystals melting at 189^ (analysis I). 

g^IHmetht/l'l,3'butadii'ny CHt= C (PHt)— C (PEi)= OE^. 
— An attempt was made to prepare 8-brom-2,8-dimethyl-l- 
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bntene, (CHg),CBrC^p„\ by the action of one molecule of 

alcoholic potassium hydrate on the dibromide. The mixture 
was boiled until it was no longer alkaline. It was then cooled, 
when unaltered dibromide separated, melting at 192^. The 
alcohol was distilled off and water was added to the distillate. 
This gave an oil which was dried over calcium chloride and 
distilled. The first and larger fraction boiled from 66** to 80°, 
and contained only a small amount of bromine, the remainder 
from 80° to 160°. When bromine was added to these frac- 
tions, in glacial acetic acid, an immediate precipitate of the 
tetrabromide melting at 189° was obtained. It was obtained 
in larger amount from tiie lower-boiling fraction. From the 
fact that the potassium h3^droxide was neutralized in the 
above boiling, and that considerable unaltered material re- 
mained, it is concluded that this fraction is chiefly 2,8- 
dimethyM,8-butadiSn, and that alcoholic potassium hydrate 
extracts 2 molecules of hydrogen bromide from 2,8-dibrom- 
2,3-dimethylbutane. This is confirmed by the fact that a 
tetra- and not a tribromide is obtained with bromine. A bro- 
mine determination in the case of the material melting at 189°, 
thus obtained, gave the following result (analysis II) : 

CalonlAted for Foond. 

CaHioBr«. I. IL 

Br ... . 79.6 79.6 80.0 

l^Dilrom'^-methylpropaney ( (7i3r,)« CBr- CE^Br. — When 
isobutyl bromide is warmed on the steam-bath with iron and 
bromine, in the proportion to form a dibromide, the reaction 
is complete in a short time. On washing the product with 
water and dilute sodium hydrate, an almost colorless oil was 
obtained. This dried over calcium chloride boiled from about 
110° to 214°. On fractioning, a portion was obtained boiling 
from 146° to 161°, mostiy between 148*" and 149° ; t. e., the 
boiling-point of l,2-dibrom-2-methylpropane. A bromine de- 
termination gave 70.8 per cent bromine instead of 74.0 per 
cent required for a dibromide. This material is therefore 
mostiy l,2-dibrom-2-methylpropane. From this it will be 
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noticed that bromine in the presence of iron acts on isobutyl 
bromide in the same manner as bromine acts on isobutyl 
iodide. Linnemann * states that in the latter case the yield is 
also poor. 

When 2,8-dibrom-2,8-dimethylbutane was boiled with a 
slight excess of potassium hyc^te, in alcoholic solution, an 
oil was obtained. This was dried over calcium chloride and 
inadvertently distilled over sodium. On adding bromine to 
the fraction boiling from 69° to 86°, %. «., the larger fraction, 
a curious result was obtained. Regenerated 2,8-dibrom-2,8- 
dimethylbutane separated, melting at about 192°. This 
low-boiling fraction must, therefore, have contained 2,8- 
dimethyl-2-butene, which boils at 78° ; (CH,),C=C(CHs)8. 
This suggests that 2,8-dimethyl.l,8-butadien, CH,=C(CH,)- 
C(CHa)=CHi, on partial reduction, does not give 2,8-diinethyl- 
1-butene, (CH,)8CH-^(CHi)=.CHa, but that a rearrangement 
takes place giving the above isomeric hydrocarbon. At pres- 
ent the lack of material prevents a further investigation of 
this subject. 

Kkw Haybn, December, 1897. 

* Loc. dt. 
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ON THE SILVER SALT OF 4-NITRO-2-AMINO- 
BENZOIC ACID, AND ITS BEHAVIOR WITH 
ALKYL AND ACYL HALIDES.* 

Bt H. L. wheeler and BAYARD BARNES. 

It is well known, from the work of Giies8,t Lauth,]: Michler,§ 
Michael, II and others, that the alkali salts of the aminobenzoic 
acids do not give esters directly with alkyl halides, but that 
the alkyl groups attach themselyes entirely or partially to 
nitrogen. In this respect the sodium salts of the acyl amides 
and those of the aminobenzoic acids are analogous. 

The silver salts of the amides, however, behave differently ; ^ 
here a replacement of the metal takes place and oxygen esters 
result, while the formation of nitrogen derivatives in this case 
has not been observed. 

The action of alkyl and acyl halides on the silver salts of 
the aminobenzoic acids has, apparently, not been investigated, 
and it was with the object of investigating this action that the 
present work was undertaken. It seemed of interest to deter- 
mine whether these silver salts behave Uke the silver salts 
of the amides and anilides, or whether, Uke the sodium com- 
pounds, the entering groups attach themselves to nitrogen. 

The new 4-nitro-2-aminobenzoic acid was selected, as its 
esters are solids. We have found that the silver salt of this 
acid gives — as the chief product — with ethyl iodide in mo- 
lecular proportions, 4-nitro-2^thykminobenzoic acid; the 
ethyl group attaching itself to nitrogen, and, next, in smaller 
quantity, 4-nitro-2-ethylaminoethyl benzoate is formed, while 
no 4-nitro-2-aminoethyl benzoate was observed. 

« Amer. Chem. Jour., xz. No. 8. t Ber. d. chem. Ges., r, 1038. 

X BulL Soc Chim. (Paris) [8], ix, 970. § Ber. d. chem. Ges., iz, 401. 
II Amer. Chem. Jour., yii, 198. 

IT Comstock and Kleeberg, Ibid., xii, 498, and ziii, 614; Tafel and Enoch, 
Ber. d. chem. Ges., xxlii, 104 and 1564. 
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The behavior of the silver salt with ethyl iodide is therefore 
analogous to that of the above-mentioned sodium compounds. 
In this connection it may be remarked that Kraut * found that 
the silver salt of aminoacetic acid does not give the simple 
ester with ethyl iodide, when these compounds are used in 
molecular proportions, but the triethyl derivative of the ester, 
and in the same manner betain methyl ester results. 

On the other hand, Curtius f found that the methyl and ethyl 
esters of acetyl glycin result from the silver salt, therefore the 
metal in this salt is directiy replaceable. We have found, 
precisely in accordance with this, that if 4-nitro-2-amino- 
benzoic acid is acetylated, then both the sodium and silver 
salts give oxygen derivatives. 

The action of acyl chlorides on the silver salt of anthranilic 
acid and on 4-nitro-2-aminobenzoic acid might lead to the 
formation of mixed anhydrides analogous to the action of 
acetyl chloride on sodiimi benzoate. % ^^ h&ye found, how- 
ever, that in the presence of the amino group the acyl group 
attaches itself entirely to nitrogen. A similar result was ob- 
served in the case of aminoacetic acid by Kraut,§ Hartmann,|| 
and Curtius.^ They prepared acetylaminoacetic acid from 
the silver salt of glycin and acetyl chloride, and Curtius 
showed that hippuric acid is thus formed. The silver salts of 
the aniUdes also give nitrogen derivatives with acyl halides.** 

The sodium salts of the amides were formerly universally 
represented as having the metal attached to nitrogen, since 
they give nitrogen alkyl compounds with alkyl halides. As 
shown here, the silver salts of the aminobenzoic acids, which 
contain the metal joined to oxygen, nevertheless, give nitro- 
gen derivatives with ethyl iodide, etc., and silver is generally 
more readily replaceable than sodium. It is shown from this, 
as has frequentiy been suggested, that the position of the 
metal in the salts of the amides cannot be determined by the 

« Ann. Chem. (liebig), clzzzii, 172. t Ber. d. chem. Ges., zyii, 1672. 

I 6erhardt» Ann. Chem. (Liebig), Ixxxyii, 81. § Loc. cit 

II Ann. Chem. (Liebig), cxzxiii, 105. t J. prakt Chem. [2], xxri, 17a 
** Wheeler and Boltwood, Amer. Chem. Jour., xTiii, 381. 
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structure of the reaction-product, and that the sodium salts of 
the amides may have the metal joined to oxygen. If now, 
with this view, we arrange the salts of the amino and acet- 
amino acids with those of the amide, according to their be- 
havior with alkyl halides, we have the following : 

NH, NH, NH 

CH,CO,Ag[Na] CeH4C0»4g[Na] ECONa 
NHCOCHa NHCOCHa NH 

CH,CO,Ag C,H4C0,Ag KCOAg. 

The fact that the first series give nitrogen derivatives is ex- 
plained by the positive character of the amido and imido 
groups ; here the alkyl halide reacts by addition to the nitro- 
gen, there being a subsequent separation of hydrogen halide, 
or, in the case of the amides, of sodium halide. 

In the second series either these groups or the molecules 
are more negative, and additions to the nitrogen do not take 
place, but instead the metal is replaced by aJkyl. 

The above affords further data for and confirms the conclu- 
sion of Nef , Hantzsch,* Freer and Sherman,t and others, that 
the sodium in the salts of the amides and anilides is joined to 
oxygen. The amides and anilides, in general, have the nor- 
mal structure, while the salts, with the possible exception of 
the mercury compoimds, are derivatives of the pseudoform 
and contain the imido group. It is certEun that most if not 
all the reactions of these compounds involve, as the first step, 
addition. These unstable addition-products then decompose 
into more stable derivatives, which latter constitute the prod- 
ucts that are isolated. 

Expenmental Part 

/CO^H (1) 

4'Nitr(hg'acetaminobemaic Acid, CtHg^NHCOCH^ (2). — 

\i^0, (4) 

The acid was prepared by oxidizing 4-nitro-2-acettoluide 

* Ann. Chem. (Liebig), ccxcvi, 91. t Amer. Chem. Joor., xyiii, 670. 
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with a one per cent solution of potassium permanganate, the 
operation being essentially the same as that employed by 
Bedson* in oxidizing orthoacettoluide. Bedson obtained a 
yield of only 82 per cent of acetylorthoaminobenzoic acid. 
Apparently the nitroacettoluide is oxidized more smoothly, 
since we have obtained yields varying from 44 to 77 per cent 
of the calculated. The best yield is obtained when the quan- 
tity of toluide employed does not exceed 60 g. On filtering, 
concentrating, and acidifying the solution after oxidizing, 
the acid separates as a yellowish-white precipitate. It crys- 
tallizes from alcohol in long, light yellow needles, which melt 
at about 215^. A nitrogen determination gave : 

Caleolftted for »«„«j 

N 12.5 12.4 

It was observed that acids saponify this acetyl compound 
more readily than alkalL 

The sodium salt was obtained as a bright yellow precipitate 
by adding one molecule of sodiimi ethylate to an absolute 
alcohol solution of the acid. It is readily soluble in water 
and somewhat in alcohol. 

The silver salt is precipitated in a bright yellow, gelatinous 
form when silver nitrate is added to an aqueous solution of 
the sodium salt. It was found best to make the precipitation 
at a temperature of about 70° ; then, on stirring vigorously, 
the precipitate becomes granular and is more readily filtered. 
It can be dried at 100% and is quite stable when exposed to 
Ught. 

Calculated for Found. 

OANsOgAg. I. IL 

Ag . . . 32.6 32.35 32.31 

Ethyl 4^N%tT<h2-acetaminolemoate was prepared by heating 
the above sodium salt with an excess of ethyl iodide in a 
sealed tube at about 190"* for eight hours. The product was 
extracted with water and then crystallized from alcohol and 
finally from ligroin, when it melted at 112°. It forms bright 

* Jour. Chem. Soc, 1880, 762. 
VOL. n. — 11 
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yellow plates or flattened piisms. This compound is more 
readily formed, however, from the silver salt A nitrogen 
determination in a product thus obtained gave: 

Oftlcalatod for w^.^ 

N 11.11 10.77 

When this compound is treated with cold sodium hydroxide, 
the ethyl group is removed, leaving the acetyl group unaf- 
fected; on the other hand, when it is warmed with sulphuric 
acid, in alcoholic solution, the acetyl group alone is removed. 

4^Nitro-Z-aminobemoic Acid. — This was best obtained by 
warming the acetyl compound in alcohol with acids. It sep- 
arates from alcohol in long, bright-red needles. On heating 
it begins to darken at 260°, and then melts with decomposi- 
tion at 264°. A nitrogen determination gave : 



Found. 



Cftlcalatodfor 
CHeNtO*. 

^ 16.38 16.29 



The amnianium salt was formed when dry ammonia gas was 
passed into an ethereal solution of the acid. It dissolves 
readily in water. 

Caloulftted for v^.^ 

KH, 8SS 8.49 

The sodium salt was obtained as a bright-red precipitate 
when one molecular proportion of sodium ethylate was added 
to the alcoholic solution of the acid. It is quite soluble in 
water and sparingly in alcohol. 

The silver salt was obtained as a pink, gelatinous precipi- 
tate when the above sodium salt was dissolved in water and 
the requisite amount of silver nitrate was added. On warm- 
ing to about 50^ and stirring, it coagulates to a tan-colored 
powder. The yield corresponds to the calculated. 

Oftloulated for v^.^ 

Ag 37^7 37.30 
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On treating this salt, suspended in ether, with the calcu- 
lated quantity of acetyl chloride, enough heat was liberated to 
cause the solution to boil. It was warmed until the odor of 
acetyl chloride disappeared, then filtered, and evaporated over 
potassium hydrate in a vacuum desiccator. The crystals that 
separated proved to be 4-nitro-2-acetaminobenzoic acid. 

Methyl 4'Nitr(hS-aminobenzoate, obtained by boiling the acid 
with methyl alcohol and sulphuric acid, melts at 157°. It is 
soluble in ligroln and alcohol, and separates in dark, orange- 
colored clusters of needles. 

Calealftted for »«-«j 

N 14.28 14.15 

Ethyl ji^NUra-B-aminolenzoate was obtained by boiling the 
acid with alcohol and hydrogen chloride. It forms dark, 
oitinge-colored plates, which are quite soluble in alcohol and 
benzene. 

Oftlonlated for vnn.iii 

C^.^,04. '^^^ 

N 13.33 13.38 

4^NUro-2-ethylaminoh€nz(nc Acid. — This was the chief 
product formed when the silver salt of the amino acid was 
suspended in ether and warmed with the calculated quantity 
of ethyl iodide for three days, the reaction then being practically 
complete. The ethereal solution was evaporated, and the resi- 
due treated with dilute sodiiun hydroxide; on filtering and 
acidifying the alkaline solution, this compound separated as a 
bright yellow precipitate. On crystallizing from alcohol and 
benzene it separated in the form of golden-yellow plates, 
which melt at about 228^. A nitrogen determination gave: 

Cftlonlated for wnnn.i 

C^ioN.0.. ^''^ 

N 13.33 13.48 

Ethyl 4^Nitro-^thylaminobenzoate. — The part insoluble 
after tiie above treatment with alkali proved to be this diethyl 
derivative. It is formed in smaller quantity than the nitrogen 
monoethyl derivative. From benzene and alcohol, in which it 
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is veiy soluble, it separates in the foim of long, pale-yellow 
needles ; these melt at 80'' • 

This compound was also formed when 4-nitro-2-ethylamino- 
benzoic acid was boiled with alcohol and sulphuric acid ; an 
analysis therefore seemed superfluous. ^ 

AcetyloHhoaminobenzaie aeid was obtained when the silver 
salt of anthranilio acid was treated with acetyl chloride. It 
forms white prisms melting at 185^» as observed by Ddbner 
and Miller.* 

Nbw Hatxn, January, 1898. 

* Ber. d. chem. Ges., xr, 8077. 
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RESEARCHES ON THE CYCLOAMIDINES : 
PYRIMIDINE DERIVATIVES.* 

Bt H. L. WHEELEB. 

Fob conyenience of reference, in this work those compounds 
which have the amidine formation 

I 

I NXB/. 



in. 



m 

in which two of the radicals R, R^ and R'' are replaced by a 
ring structure or a bivalent grouping, are referred to as cyclo- 
amidines. The dotted lines in the above formula show the three 
possible ways of replacing the radicals, and they indicate three 
forms of cycloamidines. It wiU be noticed, however, that III 
is the tautomeric form of I. The tautomeric f onn of H is 
obtained when the position of the hydrogen X is changed to 
the opposite nitrogen atom. There are therefore only two 
types of cycloamidines, each type having a pseudomeric or 
tautomeric form, as in the case of the simple amidines. 

The firtt type^ which contains only one of the nitrogen 
atoms in the ring, is represented by such compounds as 
a-aminoquinoline, the o-aminobenzoxazines, etc. 

The sedand type^ with both nitrogen atoms in the ring 
structure, is found in the anhydro bases, glyoxalines, lophin, 
etc. 

Then, further, combinations of these types and their 
tautomeric forms occur: The cyanalkines, o-cunino- and anil- 
idopyrimidines, aminoquinoxalines, cyanuramide, dicyanor- 
thophenylenediamines, and the like, are examples of the 
combination types. 

* Amer. Chem. Jour., xx. No. 0. 
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The object of the work, of which this paper gives a pre- 
Kminaiy account, is primarily to investigate the action of 
alkyl halides on some of these cycloamidines which have not 
yet been examined in this respect, and also to compare this 
action in general with that of the simple amidines. 

Pechmann* assumes that when a simple amidine, repre- 
sented by the general formula above, is acted on with alkyl 
iodides, the hydrogen X is directly replaced, and hence this 
reaction serves to determine structure. 

It seems to the writer that alkyl iodides may be added 
either to the amido group or to the imido group, or, when 
the substituents are similar, f to both and perhaps to the atoms 
joined by double union. In two of the latter cases an ami- 
dine would result of a different structure from that obtained 
by direct substitution, so that this method of determining 
structure seems to be not without objection. 

The cycloamidines, in general, imite with alkyl iodides, and 
a number of cases have been described among those of the 
first type, where no direct substitution or replacement of hy- 
drogen in the amino group takes place, at least not as the 
first step of the reaction. To illustrate this the following may 
be cited: Thiele and Ingle | obtained dialkylaminotetrazols 
by the action of alkyl iodides on aminotetrazoL They be- 
lieve that in these only one of the alkyl groups replaces 
hydrogen of the amino group. Claus § shows that a-amino- 
quinoline takes up alkyl iodides in the same manner as the 
quinoline and pyridine bases in general, and that the amino- 
hydrogen is not substituted. Again, E. v. Meyer || has shown 
in several cases that the cyanalkines form similar addition- 
products, the amino group not being substituted. 

Even acyl chlorides add to the cyanalkines without substi- 

• Ber. d. chem. Ges., xzyiii, 2362 and 860. 

t Pechmann (loc. cit.) found that when the substituents are similar radicals, 
the amidine gave two isomeric alkylated products. This is precisely what 
would be expected if the action is one of addition, there being in that case no 
decided tendency to addition entirely to either one of the nitrogen atoms. 

I Ann. Chem. (Liebig), cclxxxvii, 249. § J. prakt. Chem., xyii, 200. 

1{ Ibid., xxii, 266, and xxxix, 265. 
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tuting the amino group. Herfeldt * found that cyanbenzylin 
or aminophenyldibenzyhniazin unites with acetyl and benzoyl 
chlorides to form well-crystallized addition-products, and that 
an acetyl or benzoylcyanbenzylin was not obtained. In these 
cases it is a tertiary nitrogen which is the point of attack or 
addition. 

The action of alkyl iodides on the cycloamides of the second 
type is that of addition also, and, as in the case of the simple 
amidines, this action has generally been considered to be a 
direct replacement of hydrogen, since by treating the addition- 
product with alkali alkyl compounds result. The same ques- 
tion arises here as in the case of the simple amidines. That 
the alkyl group invariably replaces the hydrogen, however, 
has not been proved. It is not improbable that, like the 
cycloamidines of the first class, it is the tertiary nitrogen 
that unites with the alkyl halide. 

The writer has found that phenylmethylanilidopyrimidine 
acts with methyl and ethyl iodides, forming stable addition- 
products, and that no substitution takes place. That the alkyl 
iodide unites with one of the tertiary nitrogen atoms of the 
ring, and not with the anilido group, follows in all probability 
from the behavior of these products with alkali : 

C„Hi.N,.CHgI + NaOH = C„HisN« + CHgOH + NaT. 

That is, methyl alcohol and sodium iodide are quantitatively 
formed, and imaltered anilidopyrimidine is regenerated. The 
formula that appears most probable for these addition-products 
is therefore either I or II, and from analogy a similar structure 
might be expected in the case of the alkyl halogen addition- 
products of the simple amidines.f 

• J. prakt Chem. [2], liii. 240. 

t The fact that the alkyl iodide addition-products of the simple amidines 
give ap hydrogen iodide and not the alkyl group as above cannot be consid- 
ered as showing that the addition takes place to the — NH— groap of the 

H 

amidine. To be sure, the grouping l7 would be expected to give up 

CH, I 
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This being the case, the stnicture of the simple amidines 
must be completely revised, and the opposite or so-called tauto- 
meric structure must be assigned to them. At smy rate, no 
method has yet been devised for determining the structure of 
the amidines in question that is without objection. 

It will be shown below that phenylmethylpyrimidon, a 
cycloamidine of the second type, unites with one molecule of 
methyl iodide to form a beautiful crystalline addition-product 
of formula IV or V. 
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hydrogen iodide, and those alky! iodide addition-pFodacts of the cyloamidines 
which do not separate hydrogen iodide most probably do not have this group- 
ing. But it cannot be maintained that because an addition-product gires up 
hydrogen iodide, it has this grouping. 
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This compound, on treatment with alkali, gives up hydro- 
gen iodide and not the alkyl group, and an alkylated pjrrimi- 
don results. This alkyl derivative differs decidedly from the 
product obtained by heating phenylmethylchlorpyrimidine 
with sodium methylate. The alkyl iodide tiieref ore is added 
to one of the nitrogen atoms of the pyrimidon ring, while 
Pinner * found that, if the oxypyrimidine is heated with ethyl 
iodide in the presence of alksdi, the ethyl group attaches 
itself to oxygen. 

In order to determine to which nitrogen the alkyl halide is 
added, a synthesis of the methylpyrimidon was attempted as 
follows: Methylbenzamidine hydrochloride was prepared. 
This, with acetoacetic ester, according to Pinner's explana- 
tion of the formation of the pyrimidines, might be expected 
to give the base corresponding to formula lY. It was found, 
however, that methylbenzamidine does not give a pyrimidine 
derivative with acetoacetic ester, at least not under the same 
conditions that benzamidine does, so that for the present the 
question of the position of the alkyl group must be left 
undecided. 

Nef t has shown that carbostyril is not acted on by ethyl 
iodide. The above pyrimidon differs from carbostyril, in its 
ring structure, in having a tertiary nitrogen. It would seem 
most probable, therefore, that it is due to this that the sub- 
stance takes up methyl iodide, and that the addition-product 
is perhaps best represented by formula V. 

Experimental Part. 
Phenylmethjflanilidopyrimidiney C^^O CH .— 

This was prepared according to Pinner's^ directions by warm- 
ing phenylmethylchlorpjrrimidine with aniline. Instead of 

• Die Imidofither nnd ihre Derirate, SiS. 
t Ann. Chem. (Liebig), cclxxyi, 242. 
X Die Imidofither nnd ilire DeilTate, 248. 
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purifying the material by dissolving the reaction-product in 
alcohol and precipitating it with ether, it was found best to 
crystallize it directly from water, precipitate the base from 
the hot aqueous solution, and then crystallize this from ben- 
zene and alcohol. The material thus obtained crystallizes in 
clusters of small prisms and melts at 160° -161**. Pinner 
gives its melting-point as 160** -163°. 

The hydrochloride was obtained in colorless needles melting 
at 240°, as described by Pinner. 

The hydrohromide was obtained by precipitating the base 
from a benzene solution with hydrobromic acid gas. It forms 
minute needles when crystallized from alcohol, and it melts at 
250°. 

The hydroiodide forms colorless needles melting at 231°. 

Phenylmethylanilidopyrimidine Methyl Iodide. — 6 g. of the 
above cycloamidine were heated with an excess of methyl 
iodide in methyl alcohol solution for seven hours from 
100° to 105°. The material was then washed with alcohol and 
crystallized from water and alcohol. Thus obtained, the sub- 
stance melts at about 210°-213° with strong effervescence. 
If suddenly heated, it melts much lower. The material dried 
in the air contains 2 molecules of water of crystallization 
(analyses I and II). When dried at a temperature of 130° 
it was obtained anhydrous (analysis III). Determinations 
I and III were made by dissolving the substance in water 
and precipitating with silver nitrate. Determination II was 
made by the method of Carius. 



Oftloolated for 



Fooiid. 



CiiHuNjL2H,0. CifHigNtL j^ j^ jjj^ 

I . . 28.9 31.6 28.8 28.7 31.6 

This addition-product is readily soluble in warm water and 
in alcohol, from which it crystallizes in fine, colorless needles. 
Ammonia or alkali immediately precipitates a substance melt- 
ing at 160°-161°, which has all the properties of phenyl- 
methylanilidopyrimidine. 
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Phmylmethylmethyhnilidopf/rimidinef 

This was prepared by TTarming phenylmethylchlorpyrimidine 
with methyl aniline. It is the compound that should result 
by treating the above addition-product with alkali, if the 
action of methyl iodide on the cycloamidine takes place by 
substitution. A comparison of the above with the following 
properties shows that these compounds are different. This 
compound crystallizes from alcohol in colorless prisms which 
melt at US''. It dissolves readily in ether, alcohol, and 
benzene, but is insoluble in water. A nitrogen determination 
gave: 

Oalonlated for v.«».^ 

C„H»^» '«»»*• 

N 15.2 15.0 

This compound dissolves readily in dilute hydrochloric 
acid, and platinum chloride gives a bright yellow, granular 
precipitate, which melts at about 228°, with effervescence. 

The hydroiodide is readily soluble in warm alcohol, less 
readily in water. It melts, when slowly heated, at about 198**. 
An iodine determination gave : 

Oalenlated f or 
C|8HuNsI.2H,0. 



28.9 28.9 



The nitrate separates from dilute nitric acid in long, color- 
less needles or prisms, which melt with violent effervescence 
at about 170**. 

PhenylmethylanUidopyrimidine Ethyl Iodide, — This was 
obtained when 6 g. of phenylmethylanilidopyrimidine were 
heated with 10 g. of ethyl iodide for twelve hours at 120°- 
180°. The reaction-product was extracted with hot water, 
and then crystallized from alcohol, when it separated in 
colorless needles melting at about 215°. When crystallized 
from water the material shrivels at about 115°, then melts 
with effervescence at or near 215°. An iodine determination 
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in air-dried material indicates that the substance separates with 
one molecule of water of crystallization (analysis I). The 
material dried at 120°-130^ becomes anhydrous (analysis II). 



Calenlatadftv 


WwaL 


OuBmN>I.H^. CiAoNal. 


I. n. 


. 29.19 30.4 


29.24 30.8 



This addition-product and the analogous methyl compound 
give off the methyl iodides when heated to their melting- 
points. Ammonia or alkali precipitate phenylmethylamlido- 
pyrimidine from aqueous or alcoholic solutions. 

Ph^nylmethyUthylanUidopyHmidine^ CcHsC CH 

— This was prepared like the corresponding methylanilidopyri- 
midine for the sake of comparison with the base obtained from 
the above addition-product. It is an entirely different base 
which melts at 87^ when crystallized from alcohol. It is 
readily soluble in hot alcohol, difficultly in cold, Euid insoluble 
in water. It separates in beautiful, long, colorless prisms. 
A nitrogen determination gave: 

Caloolatod for WMm^ 

N 14.63 1466 

The hydrochloride is difficultly soluble in cold water, readily 
in hot, and crystallizes in colorless needles which appear to be 
hydrous. On heating, the material shrivels at about lOO"", 
then melts at about 210°. 

The platinum chloride salt separates as a bulky, light-yellow 
precipitate. It is insoluble in hot water, and melts at about 
218^ 

The hydroiodide crystallizes in prisms. 

An attempt to prepare an ethyl bromide addition-product 
of phenylmethylanilidopyrimidine was unsuccessful. 8.8 g. of 
anilidopyrimidine were heated with an excess of ethyl bro- 
mide from 102® to 104° for five hours, when the material was 
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found to be tmaltered. It was heated again, this time with the 
addition of some alcohol, the temperature being kept between 
120^ and 130° for seventeen hours. On opening the tube then, 
the products were found to be the hydrobromide of phenyl- 
methylanilidopyiimidine described above, and ether. Ethyl 
bromide, therefore, neither effects substitution nor addition. 

Phenylmethylpyrimidon Methyl Iodide. — Phenylmethyloxy- 
pyiimidine and methyl iodide, 4 g. of the former and 10 of 
the latter, were heated for six hours at 100°. No reaction 
was evident. The material was then heated for nine hours at 
170'', when addition took place. The material dissolved al- 
most entirely in water, and, on concentrating the aqueous 
solution to a syrup, a mass of needles was obtained. This 
was crystallized from alcohol, when beautiful, laige, colorless 
prisms separated. These did not melt sharply, but decom- 
posed with effervescence at 280''. An iodine determination 
gave: 

Caleolatod for »>^ , , 

CuH,oN,O.CH,L ^waa- 



38.7 38.6 



n^Methylphenylmethylpyrimidon. — When the above com- 
pound with methyl iodide was dissolved in a Uttie water and 
dilute alkali was added, this compound separated as a mass of 
colorless needles. It was purified by crystallizing from water, 
when it separated in the form of beautiful, large prisms, which 
melt at about 91^-92°. A nitrogen detemunation gave : 

Calenlafeed for m . . 

N ..... 14.0 13.6 

This compound has basic properties ; it dissolves readily in 
dilute acids, the ordinary salts being all quite soluble. It is 
readily soluble in alcohol and ether, less readily in water, and 
is not dissolved by a small amount of alkaU. The nitrate and 
platinum chloride double salt are the least soluble of the 
ordinary salts. These were obtained by spontaneous evapora- 
tion of the solutions. 
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The nitrate crystallizes in colorless, flattened prisms which 
melt with effervescence at about 195°. 

The platinum chloride double salt separates in form of very 
large prisms with the color of azobenzene. It gave no definite 
melting-point below 275°, but turned dark at about 285°. 

Methtflbemamidine hydrochloride, C^H^C{NH)NHCH^.HCl. 
— This was prepared by dissolving benzimidoethylester hy- 
drochloride in a 83 per cent solution of methylamine. On 
adding the hydrochloride to the solution of the amine the free 
ester separates; on shaking this dissolves, and in a short 
tune a mass of colorless needles separates. This material was 
crystallized from water, in which it is not extremely soluble. 
A chlorine determination gave: 

Oftlculated for «u..;i 

OaHioN^HCl. '**»°*- 

CI 20.82 20.75 

The properties of this amidine hydrochloride apparently 
differ decidedly from those of the corresponding ethylamidine. 
Lossen* prepared ethylamidine hydrochloride in a state of 
purity only with some difficulty, while Pinner f obtained the 
hydroiodide as an oil which would not crystallize. 

New Hatbk, March, 1896. 

* Aim. Chem. (Liebig), ccIzt, 159. t Ber. d. chem. Ges., xi, 7. 
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RESEARCHES ON THE CYCLO AMIDES: o-KETO- 
BENZMORPHOLINE AND a-BENZPARAOXA- 
ZINE DERIVATIVES.* 

Bt H. L. wheeler and bayabd babnes. 

o^Ketobenzmobpholine, or from its method of preparation 
called orthoaminophenoxyacetic acid anhydride, has the 
structure of a cyclo amide and should act like an acid amide, 
or, in other words, as if it were a derivative of the two forms, 

NH— CO and N=COH. The literature on this compound 
would seem to indicate that it is a very inactive substance, 
since no derivatives of it have hitherto been prepared. It 
will be shown, however, in this paper, that this compound 
behaves like an amide, and yields derivatives which, in their 
properties, are closely related to the corresponding compounds 
of f ormanilide. 

Orthoaminophenoxyacetic anhydride was first obtained by 
Fiitzschet by reducing orthonitrophenoxyacetic acid with 
stannous chloride. According to Thate, | this compound is 
not obtained pure by Fritzsche's method, but is best prepared 
by reducing tiie nitro compound with iron and acetic acid. 

Aschan § obtained this so-called anhydride from orthoamino- 
phenol and chloracetyl chloride. He states that concentrated 
acids and alkalies have no effect on the substance, but that it 
reacts energetically with phosphorus pentachloride, with at 
least partial decomposition. 

The latest work on the subject is that of Duparc. || At 
Grabe's suggestion he undertook the examination of this an- 
hydride in order to determine which of the following formulas 
is to be assigned to the substance : 

* Am. Chem. Jour., xx, No. 7. t J. prakt. Chem. [2], xx, 28a 

t Ibid, [2], xxix. 180. § Ber. d. chem. Gee., xx, 1623. 

H Ibid., XX, 1943. 
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I. n. 

(a>K«tolMiisoiorpholliM.) (a^OxybempMMmiiM.) 

Dnparc found that the material was not acted on by acetic 
anhydride even at ISO"*, and since he did not succeed in 
obtaining a reaction with methyl iodide or nitrous acid, he 
abandoned the subject. 

We have taken up the work at this point, and find that a 
sodium and silver salt of this cyclo amide can easily be pre- 
pared, and that the action of alkyl iodides on these salts give 
two series of isomeric alkyl compounds. Those obtained 
from the sodium salt have the alkyl group joined to nitrogen, 
and are to be considered as a-ketobenzmorpholine derivatives 
(formula III), while those from the silver compound have the 
alkyl group attached to oxygen, and are cycloimido-esters or 
benzparaoxazine * derivatives (formula IV). 

ra. IV. 

0-CH, 

The structure of these compounds is settled from the follow- 
ing: The product obtained by the action of methyl iodide 
on the sodium salt gave on prolonged heating with concen- 
trated hydrochloric acid, at a high temperature, orthomethyl- 

OH 
aminophenol, CeH^<jjg(jg^, thus showing, in the case of the 

sodium salts, that the alkyl groups attach themselves to 
nitrogen. 

* Hitherto only two benzparaozazine deriyatiTes hare been prepared. 
The compound obtained by redncing orthonitrophenylacyl ether, t. e,, 

^0-OH, 
C5H4'< I , and the analogous methyl derivatiye, are Bometimes 

called i9-phenyl and jS-methylbenzparaoxazines (Ber. d. chem. Ges., xxiii, 172). 
From analogy with the qninoline deriyatiyeB, quinaldine, for example, being 
called o-methylquinoline, these compounds should be termed «- and not 
/3-deriyatiyes. The latter nomenclature is used in this paper. 
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On the other hand, the products obtained from the silyer 
salt, even on treating with cold dilute hydrochloric acid, im- 
mediately regenerate o-ketobenzmoipholine. This instability 
in the presence of acids, being a characteristic property of 
substituted imido-esters, shows that in this case the alkyl 
groups are attached to oxygen. 

It will be noticed that the above behavior of the sodium 
and silver salts of a-ketobenzmorpholine is perfectly analo- 
gous to that of the salts of the anilides. Indeed, the analogy 
by no means ends in this behavior, but extends also to the 
derivatives. The cycloimido-esters obtained from the silver 
salt of o-ketobenzmorpholine have strong, peculiar odors, and 
decompose into ketobenzmorpholine on exposure to the air; 
the isomeric compounds have no odor and are stable on ex- 
posure. The compounds from the silver salt behave precisely 
like the isoanilides or substituted imido-esters, not only in 
being immediately decomposed by acids, but also inasmuch as 
they react with bases, at ordinary temperature, giving ami- 
dines. These amidines, some of them difficult to crystallize, 
give well-crystaUized salts. 

Again, the silver salt of o-ketobenzmorpholine reacts with 
acyl chlorides, like the silver salts of the aniUdes, giving well- 
crystallized acyl derivatives. These derivatives have the 
acyl group attached to nitrogen. It is noteworthy that, in 
spite of the failure of Duparc to obtain an acetyl derivative 
by means of the keto compound and acetic anhydride, such a 
compound results, with evolution of heat, from the silver salt. 
Moreover, this acetyl compound is so stable that it can be 
crystallized from water without decomposition. 

It is now shown that o-ketobenzmoipholine behaves pre- 
cisely like f ormaniMe, and therefore the normal structure is 
to be assigned to this cydo amide (». «., formula I). 

That the amides in general are derivatives of the structure 

— NH— CO and not — N=COH, or, in other words, that they 
have the keto and not the enol f onn, follows from the behavior 
of their oxy compounds. 
vol; II. — 12 
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It is well known that the oxy acids, especially the 7 and 
S derivatives, readily separate water, giving lactones. If the 
amides had the second of the above structures, they would 
be imido acids and their oxy compounds would be expected 
to separate water, like the oxy acids themselves, giving 
imidolactones; m., 

HOCH,CH,CH,C=NH -► CH,CH,CH,C=NH. 

OH ' ' 

Imidolactones have not yet been obtained. The oxyamides 
do not form anhydrides in this manner. For example: 
7-oxyvaleramide results by heating 7-oxyvalerianic anhy- 
dride or the ester with ammonia to 100**. On boiling this 
oxyamide it slowly decomposes, giving oflE ammonia and 
not water; indeed some of these oxyamides boil unaltered. 
These facts not only show that the acid amides have the 
normal structure, but they also dispose of the theory that 
in these compounds the enol and keto form exist in a state 
of equilibrium. 

Lachmann,* in his interesting paper on the constitution of 
the acid amides, concludes that acetamide and benzamide have 
hydroxyl groups because they immediately give off hydrogen 
chloride with phosphorus pentachloride. Oxamethane does 
not immediately decompose in this manner, but gives an amide 
chloride.! He therefore concludes that oxamethane has a 
keto group, and that these results point to a division of the 
amides into two groups, etc. The following considerations 
show, however, that this is not the true explanation of the 
behavior of these amides with phosphorus pentachloride. We 
know from the work of Wallach, % Lengfeld and Stieglitz, § 
and others, that the grouping V (below) is very unstable, the 
grouping VI being more stable. It has been shown in papers 
from this laboratory that the more negative the character of 
the molecule in this or the analogous grouping VII, the less 

• Amer. Chem. Jour., xviii, 600. 

t Wallach, Ann. Chem. (Liehig), cIxxzit, 1. 

X Ibid., clxxxiT, 1 ; ccxIt, 193. § Amer. Chem. Jour., xrii, 90. 
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stable are the compounds. What applies to grouping VII 
would therefore apply in greater force to grouping V. 

V. VL VIL 

We now have the true explanation of Lachmann's results. 
The amide chlorides of acetamide and benzamide are far more 
negative than the amide chloride of carbonic acid or its ester- 
amide oxamethane, and, as would be expected, they decom- 
pose more easily. The different behavior of the amides with 
phosphorus pentachloride, therefore, does not depend on a 
difference of structure but on the properties of the amide 
chlorides. 

If this view is correct, it must follow that if we increase the 
positive character of the molecule VI by replacing radical R 
by an imido or anilido group, for example, we should obtain 
a compound capable of forming a comparatively stable amide 
chloride corresponding to formula V. This is precisely what 
takes place. Lengfeld and StiegUtz,* in their interesting 
work on the imido-ethers of carbonic acid, have shown that 
carbodiphenylimide, CeH»N=C=NC«Hj, not only unites with 
one molecide of hydrogen chloride, as stated by Weith, giving 
an imide chloride (formula VIII), but that this compound 
combines further with hydrogen chloride, and, as would be 
expected, a stable amide chloride results, which they call 
carbodiphenylimide dichloride (formula IX). 
vm. IX. 

Lengfeld and StiegUtz state that this amide chloride melts 
at 180** and " is quite stable when kept from moisture and 
organic matter." 

From the above it is evident that the results obtained by 
the action of phosphorus pentachloride on acet- and benz- 



* Amer. Chem. Jour., zvii, 108. 
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amides do not lead to the conclusion that these compounds 
have a hydroxyl group. Indeed, it is veiy improbable that 

the grouping — N=COH exists in any stable amide what- 
ever. 

Uxperimental Part 

O^CH^ 
orKetobenzmorpholiney C^B^ ^ \ . — This was prepared 

essentially according to Thate's method.* His directions for 
the purification of both orthonitrophenyloxyacetic acid and 
the anhydride, obtained by reduction, not being suitable for the 
preparation of the material in large quantities, it was found 
better to proceed as follows: 

After warming the mixture of orthonitrophenol, chloracetic 
acid and alkali, and filtering, hydrochloric acid was added, 
and the precipitate distilled in steam to remove unaltered 
orthonitrophenoL The aqueous solution remaining deposits 
the orthonitrophenyloxyacetic acid on cooling. For the re- 
duction the acid was suspended in about 20 per cent acetic 
acid and iron filings slowly added. After the reduction, the 
residue was boiled with alcohol and animal charcoal and the 
anhydride crystallized from alcohol. The melting-point of 
the material thus obtained is 169°, instead of 166® as given by 
Thate. It may be crystallized conveniently from alcohol or 
chloroform. In the latter solvent it is less soluble. 

orSodiumozybemparaoxazine^ C^H^s. I . — 0.8 g. of 

sodium was dissolved in methyl alcohol, and 6 g. of oieto- 
benzmoipholine were added. Tlie solution was then evaporated 
in a vacuum, and the residue heated at 100'' for several hours, 
the pressure being kept at about 18 mm. The perfectly dry 
mass then, on shaking, became granular, and a sodium deter- 
mination as carbonate gave: 

0«]oa]«ted for Calonlitod for n»»i 

CANa,.CH,.oiffc CANOiirA. ™°^ 

Na . . . 11.33 13.46 13.41 

• J. prakt Chem. PL xziz, 148. 
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The material thus obtained did not dissolve in water, but 
a-ketobenzmorpholine separated; on adding an excess of 
alkali this readily dissolved. An attempt to prepare this 
sodium salt by dissolving the keto compoimd in alcohol, 
adding the calculated quantity of sodium ethylate, and then 
ether, gave no precipitate. 

n-Methyl-arketobenzmarpholinej Oe-fli>^ ^n * — "^^^ 

compound was prepared by heating the dry sodium salt of 
o-ketobenzmorpholine, suspended in benzene, to ISS"" for 
several hours. It was found, however, that it is unneces- 
sary to prepare the diy salt as given above. It was more 
conveniently prepared as follows: 1.6 g. of sodium were 
dissolved in a small amount of methyl alcohol, 10 g. of 
a4Letobenzmorpholine were added, and then 20 g. of methyl 
iodide ; the whole was then heated to 185^ for about seven 
hours. The contents of the tube were then filtered from 
sodium iodide, washed with ether, and distilled at 14 mm. 
pressure. After the alcohol and ether had evaporated, 
the material practically all boiled over at 156^. It readily 
solidified, and, on crystallizing from alcohol, large, stout, 
colorless prisms were obtained. These melted from 68® to 69°, 
and a nitrogen determination gave: 



Calealated f or 



Vound* 



CANO,. 

N 8.68 8.68 

It was found that this compound, like the following ethyl 
derivative, has little or no basic properties. It is insoluble in 
cold dilute hydrochloric acid. On warming, solution takes 
place, but, on cooling, the unaltered material separates in the 
form of needles or prisms. It dissolves more readily in con- 
centrated hydrochloric acid, and is precipitated by water. 
Platinum chloride gave no precipitate when added to these 
solutions. A solution of the material in benzene gave no pre- 
cipitate with diy hydrogen chloride. It is insoluble in alkali. 
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Orthomethylaminaphenolj C^H^ . — Not quite 2 g. 

^NHCH^ 

of the above methyl derivative were heated with concentrated 

hydrochloric acid to 150°-160° for a number of hours. The 

hydrochloric acid was then evaporated on the water-bath and 

the residue treated with water, when it was found that the 

greater portion of the material had remained unaltered in this 

treatment ; the aqueous filtrate was treated with an excess of 

sodium carbonate, some sulphurous acid was added, and the 

whole shaken with ether. On evaporating the ether solution 

a small amount of almost colorless material separated in the 

form of plates. This was crystallized from petroleum ether, 

when colorless, thin spangles separated. On heating the pure 

material thus obtained, it began to darken in color rapidly 

at 80^, and decomposed, melting and turning black between 

80° and 90°. Seidel,* who first obtained this compound, states 

that it crystallizes in plates that soon oxidize and take on a 

dark brown color. He says that, on heating, the material 

darkens and then melts above 80° with decomposition. The 

properties of the compound obtained by us agree perfectly 

with this description. We may add, as a further means of 

identifying this compound, that the hydrochloric acid solution 

gives a deep red-brown color with ferric chloride. 

fhHthi/lra-ketobemmorpJioline, C^H^ \q . — This was 

prepared by means of sodium ethylate and ethyl iodide in the 
same manner as the above methyl derivative. The contents 
of the tube after the evaporation of the excess of ethyl iodide 
and alcohol all boiled over from 167° to 159° at 16 mm. pres- 
sure. This material, unlike the methyl compound, was not 
obtained in the solid state. It had a light yellow color, and a 
nitrogen determination gave : 

Calculated for *u«„^ 

0,oH„NO^ '«™*' 

N 7.91 8.20 

• J. prakt. Chem., zlil, 458. 
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This compound, like the corresponding methyl derivative, 
is not affected by acids or alkali under ordinary conditions. 
It dissolves in concentrated hydrochloric acid, and is precipi- 
tated again by water. A slight warming is noticed on dis- 
solving the material in concentrated sulphuric acid. 

yO-Cff2 

a-SUveroxybenzparaoxazinej C^B^y^ I . — This was 

prepared by dissolving o-ketobenzmoipholine in alcohol and 
adj(Ung, first, sodium ethylate (1 molecule) and then the calcu- 
lated quantity of silver nitrate. The mixture, largely diluted 
with water, gave a white precipitate which, on stirring, became 
a light gray powder. This was filtered, washed with water, 
alcohol, and ether, and dried at a temperature somewhat 
below 100°. A silver determination gave the following: 

Cftlcolated for v^.,^ 

Ag 42.18 42.37 

This salt is quite stable in respect to light. It is not 
readily decomposed by water or alcohol, although phenol 
immediately reduces it. The behavior of the silver salts of 
this compound and formanilide with phenols, is peculiar. 
Silver formanilide and silver 2-4-dichlorformanilide react with 
phenol with evolution of heat, the salts immediately blacken- 
ing and regenerating unaltered f ormyl compound and silver. 
This is all the more remarkable, since silver 2-4-dichlor- 
formanilide may stand mixed with water or alcohol for days 
without decomposition. Indeed, it can be boiled with water 
without any decomposition. Cold glycerin does not affect it, 
but phenol, largely diluted with benzene, an aqueous solution 
of hydroquinone, or an alcoholic of )3-naphthol, almost im- 
mediately reduces the salt. A solution of thymol in benzene 
produces a mirror of silver, and resorcin in water slowly 
blackens the compound. From the above it is evident that 
these reactions involve an addition; the addition-products 
being unstable then decompose into simpler molecules. 
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arMethosDf/benzparaoxaziney Ci-^*\ X * — 20 g. of 

o-fiilver oxybenzparaoxazme and 20 g. of methyl iodide 
(1.6 molecules) were heated to 115® -120° for eight hours, 
Hie reaction then being practically complete* The material 
was then taken up in ether and filtered from the silver 
iodide.* The ether solution on evaporation in a vacuum 
over potash gave an oil which refused to solidify in a 
freezing-mixture. It was found to boil almost entirely be- 
tween 1S6^ and 186^ at 21 mm. pressure. The material thus 
obtained was a colorless oil with a pleasant odor, perhaps 
suggesting orange peeL A nitrogen determination gave: 

CAO»K. '**'™*- 

N 8.58 8.66 

On treating this oil with a drop of dilute hydrochloric acid 
it immediately solidified, giving crystab of o-ketobenzmorpho- 
line. On exposure to air it slowly absorbs moisture, giving 
the same result. It is unaffected by cold alkali. 

O-Cfli 

orEthoxybenzparaoxazinej <7r^\ L • — 28 g. of 

the above silver salt were heated with ethyl iodide (2 mole- 
cules) to 100° -180° for twenty hours. On extracting with 
ether and evaporating, an oil was obtained which deposited 
some unaltered a-ketobenzmorpholine. On distilling in a 
vacuum the oil boiled mostly between 185° and 186° at 16 mm. 
pressure. It had a similar pleasant odor to that of the 
methoxy compound. A nitrogen determination gave: 



Found* 



OftlonUfeed for 
GtoHnO|ir. 

N 7.90 7.68 



With acids this compound is immediately decomposed like 
the methoxy compound. It is unaffected by cold alkali. 

* It is adyisable to shake the ether solution with alkali iiii order to remove 
unaltered orthoaminophenoxyacetic acid anhydride, which always accom- 
panies the reaction-product. Compare o-isoamyloxybenzparaozazine. 



Digitized by VjOOQIC 



RESEARCHES ON THE CTCLO AMIDES. 185 

orlsoproptfloxffbenzparaozazinej C^H^^ I . — 26 g. 

of the silver salt and 22 g. of isopropyl iodide were heated 
for nine hours at 120'' -180^. On extracting them with 
ether, shaking the ether solution with dilute potassium 
hydroxide, and evaporating, an oil was obtained. This was 
distilled at 14 mm. pressure, when the greater portion boiled 
from 187'' to 188''. The material was colorless and had a 
pecuUar odor, which, unlike the methyl and ethyl derivatives, 
was not pleasant A nitrogen determination gave : 

O a l c ii l a te d for v^mii 

N 7.32 7.31 

It decomposes on standing, or with acids, giving o-keto- 
benzmorpholina 

orlsobutj/loxybenzparaozazinej C^iT^^ J . — 25 g. 

of the silver salt and 26 g. of isobutyliodide were heated 
for twenty-two hours at 120** -140^ The reaction-product, 
treated as above, gave an oil which was distilled at 21 mm. 
pressure, when it was found to boil practically from 160* 
to 164''. It had a strong, somewhat disagreeable odor. A 
nitrogen determination gave: 



Oakaliitoa for 
OuHuOiS. 



VoQudL 



N 6.82 6.83 

a-Jboamylbenzparaoxazine^ C^H^{ \ . — 25 a 

of the silver salt and 28 g. of isoamyi iodide were heated to 
130^-150'' fox eighteen hours. On extracting with ether, an 
oil was obtained which gave no constant boiling-point, the 
solid anhydride distilling over with the oil. The distillate 
was taken up in ether and shaken with dilute potassium 
hydrate ; the ether was evaporated and the oil then distilled 
at 174'' -175'' at 21 mm. pressure. It was colorless and had 
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a disagreeable odor, somewhat resembling isoamyl oxalate. 
A nitrogen determination gave : 

OmlcQlatod for «»»^;i 

C,At0,N. **»»*• 

N 6.39 6.66 

yOCH^ 

nrAeetylrarJcetobemmorphoUne^ C^Hji >C0 . — Acetyl 

^i\r COCB. 

chloride reacts violently with dry a-silver oxybenzparaoxa- 

zine. For the preparation of this compound 6 g. of the silver 

salt were suspended in dry ether, and the calculated amount of 

acetyl chloride was added. On filtering and evaporating, 

beautiful, long, white needles separated; these melted at 77". 

A nitrogen determination gave: 

Omloolfttod tor vu^^ji 

N 7.32 7.43 

This acyl compound is quite stable. It can be crystallized 
unaltered from water. 

a^CH^ 
nrBenzoyl-^L-ketobenzmorpholiTM^ C^H^\^ >C0 . — 6 a 

^N-COC,£r, 
of the silver salt were suspended in benzene and benzoyl 
chloride added. From the benzene solution beautiful, color- 
less, compact prisms separated. These melted at 98^, and a 
nitrogen determination gave: 

OalcDlated for g^.^ 

CuHuOjN. '*"°*^ 

N 6.63 6.46 

This compound can be crystallized from water. 

orPhenylamtnobenzparaoxazinej C^Ba^ I _ ^ . — 

When flt-ethoxybenzparaoxazine and aniline were mixed, in 
molecular proportions, the mixture solidified after standing 
twenty-four hours to a white, crystalline mass. It is readily 
soluble in alcohol, from which it crystallizes in colorless, com- 
pact prisms melting at 126''. A nitrogen determination was 
made with the following result: 
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Oalenlttfced f or 



Foqnd. 



N 12.50 12.53 

The hydrochloride prepared by dissolving the above cyclo- 
amidine in aqueous hydrogen chloride separated in the form 
of colorless, four-sided prisms, which melt with decomposi- 
tion from 220° to 223^ 

The hydroiodide^ C14H11N2O.HI, crystallizes from water in 
colorless plates, which melt from lOS'' to 196''. An iodine 
determination gave: 



Calmilated f or 
Oi«HiaN,OL 



Found. 



36.26 36.77 



The nitrate separates from dOute nitric acid in the form of 
colorless four- and eight-sided plates, melting at 147°. 
a-MetachlorpJienylaminobemparaoxazine, 

A mixture of o^thoxybenzparaoxazine and one molecular pro- 
portion of metachloraniline did not solidify after standing a 
week. The material was then taken up in dilute hydrochloric 
acid, and, after filtering, the amidine was precipitated with 
ammonia. It was then obtained in the solid condition, and, on 
crystallizing from benzene, it separated in the form of colorless 
plates, and melted at 112''-114''. 

Oalotdated f or «u.»4 

Ci«H„N,O.CL '^^^ 

N 10.83 10.06 

The hydrochloride, CuHioN.OCLHCl, crystallized from 
alcohol, melts with decomposition at 205'' -207''. 
a, fi'JSfaphthylaminobenaparaoxazinej 

2.4 g. of o-isopropylbenzparaoxazine and 2 g. of /3-naphthyl- 
amine were heated in alcohol for eighteen hours on the steam- 
bath. On evaporating off the alcohol and crystallizing the 
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residue from benzene, white leaflets separated which melted 
from 154^ to 156^ 

N 10.22 10.00 

O-CJT, 
orlsolyuAylaminolenzpaTiioxazine, ^^^^\j^^UiiTTTp jj • — 

This was obtained by mixing o-ethoxybenzparaoxazine with 
isobutylamine. It forms a thick varnish at ordinary temper- 
ature, which, only after long standing, showed evidence of 
crystallization. 

The hydrochloride may be crystallized from water or chloro- 
form. From the latter it separates in the form of flakes, 
melting from 220** to 228**. 



Caloolfttad f or 



FoamL 



OiATNaOOl. 

CI 14,76 1440 

a'Allylaminobemparaoxazinej O^Bi^ I ^T^rx/^ Tr'""Th® 

mixture in this case did not solidify on long standing. It 
was taken up in benzene and the hydrochloride precipitated 
by means of dry hydrogen chloride. This precipitate was 
crystallized from benzene containing some alcohol, when 
colorless needles, melting at 190^, were obtained. These 
were dissolved in alcohol. From the solution, ammonia pre- 
cipitated an oil which soon solidified. This was crystallized 
from ligroln with a little benzene, when the material separated 
in colorless prisms melting at 68''. 

The hydrochloride is readily soluble in water and alcohol ; 
it was analyzed with the following result: 

Oaloolftted for «««.^ 

CI 15.8 16.9 

Nbw Hatsh, May, 180a 
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THE ACTION OF AMINES ON ACYL IMIDO- 
ESTERS: ACYLAMIDINES.* 

Bt H. L. wheeler and F. T. WALDEN. 

In a previous paper we described a series of acyl imido-esters, 
and stated that they react with ammonia and bases giving 
acylamidines. We are now prepared to describe some of these 
amidines and to discuss their formation. 

Few acylamidines have hitherto been described. The action 
of acyl chlorides and anhydrides on the free amidines does not 
always lead to the formation of acyl derivatives.* Pinner 
obtained benzoylbenzamidine from benzamidine and benzoic 
acid anhydride, and also from benzonitrile by condensation 
with sulphuric acid. On accoimt of the ease with which this 
compound separates ammonia, giving dibenzamide, he assigned 
the structure represented by formula I to this substance. 

We have found that the benzoylbenzimido esters, i. e., 

react with ammonia, giving a compound in every respect 
identical with that obtained from benzonitrile by the me&od 
of Pinner, while an isomeric compound (formula II) would 
be expected, if the reaction takes place, as is usually assumed, 
by double decomposition, replacement, or substitution* 
L n. 

/NHCOCeH, ^NCOCeH, 

The action of amines on the acyl imido-esters, like the ac- 
tion of amines on the amidines tiiemselves, does not take 

* Amer. Chem. Jour., xz, No. 7. 

t Flnner, Die ImidoSther und ihre Deriyate. 
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place by direct replacement, but involves the intermediate 
formation of an unstable addition-product: 

m. 
.NCOB /NHCOE 

CeHfiCf + H,NH = C.H5C-OB 

OB Nkh. 

This hypothetical addition-product can then separate alco- 
hol in two ways, giving an acylamidine corresponding to either 
of the above forms. 

It cannot be maintained that, because benzoylbenzamidine 
easily decomposes into dibenzamide and ammonia, its struc- 
ture is to be represented by formula I, since in this decompo- 
sition hydrolysis takes place with addition of water, forming 
a product similar to in, and the same addition-product must 
result from I and II. 

That this view is correct, and that this decomposition has 
no significance in regard to the structure of the acylamidines, 
is shown by the behavior of the analogously constituted 
acyl imido-esters, t. c, benzoylbenzimidoethyl ester and benz- 
oylphenylacetimidoethyl ester. These compounds easily de- 
compose with water, under the same conditions as benzoyl, 
benzamidine, as follows: 

NCOCeH, ^NHCOCeH, 
CeHjC^ -► CeHsC-OlH \ 



aracocvEQ 



CeHsCHjC^ -► C«H,CHaC~OiHi 

That is, the first gives dibenzamide and alcohol, while the 
second gives benzamide and ethylphenyl acetate. In other 
words, the first apparently decomposes at a single bond ; the 
second at the double bond. Here are then two compounds, 
not only of the same structure, but also similar to the acyl- 
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amidines, which decompose or are hydrolyzed in two differ- 
ent ways. 

The structure of these amidines cannot therefore be deter- 
mined by their decomposition-products, and further work will 
be required before this question is settled. 

Beckmann and Sandal,* in their interesting work on the re- 
arrangement of a-benzilmonoxime, have recently obtained 

benzoylbenzimidochloride, CcHjC^p, *, a compound 

which shows, as would be expected, many properties in 
common with the acylimido esters. It readily decomposes 
into dibenzamide, and unites with primary bases giving acyl 
amidines. With ammonia it gives the acyl amidine described 
by Pinner, and with aniline and acyl amidine identical with that 
obtained by us from the benzoylbenzimido esters. Beckmann 
and Sandal, however, did not succeed in preparing acyl 
amidines from this compound and secondary amines, and here 
it may be stated that we have repeatedly made attempts to 
prepare acyl amidines from secondary bases and various 
acylimido esters, but in each case also without success. 

In support of Pinner's formula for benzoylbenzamidine, 
Beckmann and Sandal state that benzaldehyde does not com- 
bine with this substance, and that with benzenesulphochloride 
it gives a compound insoluble in alkali. 

The acyl amidines, described below, are stable towards 
cold alkali. Some of them dissolve in '^acids and may be pre- 
cipitated unaltered by alkali or ammonia. They combine with 
one equivalent of hydrogen chloride to form salts which are 
comparatively unstable. In aqueous solution these salts soon 
decompose as follows: 

NHCOE CeH.CO.NHCO.R 

C AC~-C1 + H.0 = + 

NHC,H, CeH,im,.HCl 

The diacylamide generally separates pure and in the form 
of a glistening mass of colorless ciystala 

* Ann. Chem. (Liebig), ccxcri, 2791 
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Experimental Part 

Benzoj/Ibenzamidine* — This was formed when 10 g. of 
benzoylbenzimidononualpTopyl ester were waimed in alcoholic 
solution with the addition of aqueous ammonia in excess. 
On diluting the alcoholic solution, in which it is readily solu- 
ble, this compound separated as an oil which readily solidifies. 
It was purified by dissolving or ciystaUizing it from a mixture 
of ligroin and alcohoL It melted constantly at 100^. Pinner * 
gives the melting-point of this compound as 106°. Gumpert f 
states that it melts at 105*5^9 and Beckmann and Sandal give 
98° as its melting-point. In addition to the above we have 
prepared this compound from benzoylbenzimidoethyl ester 
and ammonia. This product also melted at lOO"". A nitro- 
gen determination in the sample prepared as first stated gave : 

.CmHuN,0. ^^'^"^ 

N 12.50 12.53 

In order to determine whether this compound is identical 
with that obtained by Pinner, we have prepared the substance 
by dissolving benzonitrile in fuming sulphuric acid, accord- 
ing to his directions, and have found that the compound thus 
obtained also melted sharply at 100® to 101°. A ciystallo- 
graphic examination of the two products was made by Mr* 
C. H. Warren, to whom the authoi'S wish to express their thanks 
for the following report: ** A trial on the refiection goniometer 
showed that the faces gave poor reflections, consisting of a 
number of faint signals for each face, and that a full descrip- 
tion was not practicable. However, enough measurements 
were made of the same zone on both lots of ciystah to show 
satisfactorily the identity of the two specimens. The crystals 
show monoclinic symmetry. The forms observed were e 101 (?) , 
y 101 (?), and m 110, probably. On many of the crystals 
the edges between the prism and top faces were highly modi- 
fied. The measurements of zone e^y were as follows : 

• Loc. dt t J. prakt Chem., xxx, 90. 
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Om. 


Fbmar'i. 


CAy . . 


. . 49" y 


49M0' 


yAC* . . 


. . 130° 61' 


180° 4^ 



The angles measured agree closely considering the poor 
quality of the reflections." The crystallographic and chemical 
properties therefore show that the two products are identical. 
On warming the hydrochloric acid solutions, both products 
give dibenzamide. 

NBCOC^H, 

Benzoiflbenzamidine Hydrochloride^ C^^C—Cl . — 

The above amidine was dissolved in benzene containing some 
chloroform, and the solution was saturated with hydrogen 
chloride, when a heavy, thick oil separated. This oil con- 
sists probably of a dihydrochloride. It is very unstable. The 
material was protected from moisture, and dry carbon dioxide 
was led in, to expel the excess of hydrogen chloride. After 
a number of hours the material crystallized in small colorless 
prisms. On pressing on paper it was found to be somewhat 
sticky. It was then heated to 60°, when considerable hydro- 
gen chloride escaped, and the mass became a sandy powder. 
Thus obtained, it melted, not sharply, at about 190°, and a 
chlorine determination gave the following : 

Gftlonlated for vm»ji 

OmH|,N,O.OL '<*™^ 

CI 13.6 12.9 

This salt is readily soluble in water, and decomposes with 
the separation of dibenzamide. 

The platinvm chloride double Bait was obtained by dissolving 
the amidine in aqueous hydrochloric acid and adding platinum 
chloride. It separates as a straw-yellow precipitate which 
darkens on heating at about 225° to 280°, and melts at 240' 
A platinum determination gave : 

CftlOQlated for Found. 

(CMHaN,0.HCl),Pt01». '°°~- 

R 22.7 22.6 

TOL. n. — 18 



\0 



Digitized by 



Google 



194 THE ACTION OF AMINES 

Benzotflethjflbeneamidine. — This was prepared by allowing 
6 g. of benzoylbenzimidononnalpropyl ester to stand in alcohol 
for some time mixed with an excess of a 88 per cent solu- 
tion of ethylamine. The alcohol was then evaporated, 
and it was attempted to crystallize the residue from dilute 
alcohol, ligroln, and benzene, but a sharp melting-point was 
not obtained until the material was dissolved in dilute hydro- 
chloric acid, precipitated by ammonia, and then ciystallized 
from strong cJcohol. Thus obtained, it separated in beautiful 
colorless prisms which melted at about 87^ to 88^. This com- 
pound is undoubtedly identical with the compound obtained 
by Lossen* by acting on ethyl benzamidine with benzoyl 
chloride. He gives the melting-point as 88®. 

Bemoiflphenylbemamidine. ^ 4g. of benzoylbenzimidoethyl 
ester were mixed in ether with 1.6 g. of aniline. No evi- 
dence of any reaction was noticed after standing over night 
The ether was then evaporated, and the residue heated on 
the steam-bath, when it solidified. The material was found 
to crystallize beautifully from alcohol, apparently in thick 
bunches of rhombohedra. The material is insoluble in cold 
dilute sodium hydrate and melts at 148°. This gave on 
analysis: 

0»H^,0. '««»^ 

N 9.33 6.32 

This compound has recently been obtained by Beckmann 
and Sandal.f They find that the compound melts at pre- 
cisely the same temperature that we have observed. 

When dry hydrogen chloride was passed into a chloroform 
solution of this acylamidine, no precipitate resulted. On 
evaporating the chloroform in a stream of dry carbon dioxide, 
an amber-yellow varnish remained. When warmed with water, 
this gave a mass of colorless needles or prisms, which melted 
at 149°, and had all the properties of dibenzamide. 

An attempt was made to prepare henzoylmethylpKenyJbmZ' 
amidine by acting on benzoylbenzimidoethyl ester with mono- 

•Ann. Chem. (Liebig), cc1zt» 102. t Loc. dt 
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methylaniline, when it was found that this secondaiy aniline 
did not give an acyl amidine. 4 g. of the acyl imido-ester and 
1.7 g. of methylaniline were heated to 100% then for some 
time kept at about TO"*, and finally, after long standing, 
crystals separated. These crystallized from alcohol in prisms 
melting at 147°-148^. A nitrogen determination gave: 



Oalmdatedfor Oalmdatodfor 
AoylMnHhw. DibanHunida. 



VovkL 



N. . . . 8.91 6.22 6.17 

With ethylaniline the same result was obtained. The above 
analyzed material was soluble in alkali and precipitated again 
by acids ; it was therefore dibenzamide. 

Aeetylphenylbenzamidine. — When acetylbenzimidoethyl es- 
ter is mixed with aniline and allowed to stand, the mixture 
solidifies. On ciystallizing from 96 per cent alcohol, it forms 
stout, colorless crystals, which melt at 138.6°. A nitrogen 
determination gave: 

Calonlit6a foF »„..■■ m 

0uHm9.0. ^^"'^ 

N 11.76 11.94 

Aeetylparatoljflbenzamidine. — j>-Toluidine and aoelylbenz- 
imidoethyl ester were mixed in molecular proportions and 
allowed to stand, when the mixture soon solidified. The ma- 
terial was cr3rstaUized from 50 per cent alcohol, when it was 
found to melt at 186.5^. A nitrogen determination gave : 

Cidenliiledfor Vboid. 

N . . . . 11.11 11.30 11.80 

AeetylmetcLcKlarphenylbemamidine. — 1.5 g. of acelylbenz- 
imidoethyl ester and 1 g. of metachloraniline on mixing solid- 
ify after some time. The material ciystaUized from alcohol 
separates in clusters of colorless needles or prisms. It melts 
at 128^-129°. A nitrogen deteimination gave : 

CMOIlllted tot Wn-.-il 

N 10.27 10.08 
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A portion of the analyzed material was dissolved in dry ben- 
zene, and the solution was saturated with hydrogen chloride, 
when a sticky precipitate separated. The excess of hydrogen 
chloride was expelled by means of a current of dry carbon di- 
oxide. The precipitate, unsuitable for analysis, dissolved 
readily in water, and, on warming up to 80°, colorless needles 
separated. These melted from 118^ to 119° (acetbenzamide), 
and dissolved readily in dilute sodium hydroxide. The solu- 
tion on standing deposited plates (benzamide). 

2j4''Xylylbenzamidine. — When 2,4-xylidine and acetylbenz- 
imidoethyl ester were mixed and allowed to stand a long time, 
a solid separated. The material was too soluble to crystallize 
from alcohoL The alcoholic solution was precipitated with 
dilute potassium hydrate, in order to remove any acetbenz- 
amide, when an oil separated. This, on standing, solidified to 
a mass of prisms. The material was readily soluble in warm 
ligroln, and ciystallized in long, colorless needles, melting at 
106°. Nitrogen determinations showed that this is not the 
expected acetyl-2,4-xylylbenzamidine, but that the acetyl group 
had been removed. 

Calculated for Calcolated for w^..^ 

Acylamldlne AmidlM Foona. 

Ci,HuNaO. CuHmET,. I. O. 

N ... 10.62 12.60 12.34 12.36 

The material dissolved readily in dilute hydrochloric acid, 
and gives a yellow precipitate with platinum chloride. 

Acetyl'fi^naphthylbenzamidine was formed when /9-naphthyl- 
amine was warmed with acetylbenzimidoethyl ester. The prod- 
uct was crystallized from 95 per cent sdcohol, when it melted 
at 187°. A nitrogen determination gave: 

Calculated for VaanA. 

N 9.72 9.64 

Propianylphenylhenzamidine. — When propionylbenzimido- 
ethyl ester was mixed with aniline, the mixture solidified in 
about four or five hours. It was crystallized from alcohol, 
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when small, stout prisms of a yellowish-white color were ob- 
tained. These melt at ISS'^, and a nitrogen determination 
gave: 

Caloolated for «u»«4 

N 11.11 11-01 

Dry hydrogen chloride led into a benzene solution of this 
aeylamidine gave a sticky precipitate. It was dissolved in 
water, and in a few minutes a mass of colorless prisms sep- 
arated. These melted at 98^, and are propionylbenzamide, 
which compound we described in a previous paper. On warm- 
ing this with aqueous ammonia, the material dissolved, and, 
on cooling, plates of benzamide separated, melting at 128°. 

An attempt was made to prepare normaJhutyrylhenzamidine 
by dissolving the butyrylbenzimidoethyl ester in dilute alco- 
holic ammonia in the same manner as benzoylbenzamidine was 
obtained. The product obtained, crystallized from water, 
melted at 126'^ -127°, and a nitrogen determination gave: 

Oalonltted for Calculated for VMmd. 

Bntyiylbemamidine. Benumide. I. n. 

N . . . . 14.7 11.67 11.71 11.74 

The material thus obtained had all the properties of benz- 
amide. It was foimd later that acetylbenzimido and pro- 
pionylbenzimido esters by a similar treatment also give 
benzamide. 

NoTTnalbtUyrt/lphenylbenzamidine. — Butyrylbenzimidoethyl 
ester reacts with aniline on warming, and the solid thus obtained 
on crystallizing from absolute alcohol separated in the form of 
colorless prisms and melted at 187'*. A nitrogen determination 
gave: 

Caleolatod for «^ ,, . 

CtrHuN.O. ™™*- 

N 10.52 10.53 

An attempt to prepare normalbtUyrylmetanitrophenjflbena-' 
amidine^ by warming metanitraniline and butyrylbenzimido- 
ethyl ester in molecular proportions, resulted in the formation 
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of a yellow Tarnish, which has stood for months without 
depositing ciystals. Acetylbenzimidoethyl ester combines 
with isobutyl amine, and piopionylbenzimidoethyl ester com- 
bines with allyl amine. Heat is evolved in both oases. The 
products formed are oils which have not been further inves- 
tigated. 

Nbw BjLYwa, May, ISOa 
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ON THE NON-EXISTENCE OF FOUR METHENYL- 
PHENYLPARATOLYL AMIDINES.* 

[second paper.] 

Bt H. L. WHEELEB aitd T. B. JOHNSON. 

It might be expected that amidines contaimng two different 
ladicals attached to the different nitrogen groups would exist 
in more than one form. For example, theoretically^ two 
structurally different benzenylphenylparatolyl amidines might 
exist: 

^NHCeH, ^NCeH, 

CeH,C/ and CeHeC-f 

^NCtH, ^NHCtH, 

These, since they contain the grouping (R)R'C=N— R", 
might be obtained in the form of geometrical isomerides. 

In the case just cited Pechmann f believed that he obtained 
two isomeric amidines, when, by the action of aniline on 
benzparatolyUmide chloride, he obtained an amidine melting 
at ISS"", while from benzphenylimide chloride and paratolui- 
dine an amide melting at 128° was formed. These two prod- 
ucts were so much alike in properties and behavior that only 
the difference in the melting-points prevented the recognition 
of their identity. This doubt, however, disappeared when 
Marckwaldt showed that the melting-points are practically 
identical when the amidines are crystsdlized from absolute 
alcohoL Moreover, the chlorides and picrates agree in melt- 
ing-points. Pechmann § then thoroughly examined a number 
of mixed amidines, prepared by methods which, if the reacting 

* Amer. Chem. Jour., xz, No. 10. 

t Ber. d. chem. Get., xxrii, 1701. 

t Ann. Chem. (Liebig), cclxxxri, 848. 

S Ber. d. chem. Ges., zzriii, 800, 2363; Ibid, zzz, 1770 and 1783. 
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substances reacted by double decomposition, wonld have 
yielded isomers, but he found that the resulting amidines 
were invariably obtained in only one form. Then followed 
the surprising result of R. Walther. He described the prepa- 
ration of methenylphenylparatolyl amidine, 

CeH,N=CH-NHC7HT or CeH,NH-CH=JICTHT, 

by four methods. Each method that he tried gave a new 
amidine, according to him, and these amidines were supposed 
to be isomers. 

One of us was induced to examine Walther's products solely 
because his speculations, involving direct double decomposi- 
tion, seemed incredible. The results obtained by ciystallizing 
Walther's products have already been published.* 

It was found that products melting near the temperatures 
given by Walther could be prepared, but these did not behave 
like pure substances, since on crystallizing a sujficient number 
of times the melting-points rose in each case. In one case 
(I in table beyond) the melting-point finally coincided with 
that of methenyldiphenyl amidine; in another (II in table 
beyond) with methenyldiparatolyl amidine. In the other 
two cases (III, IV) the melting-points became almost 
identical. 

Since these results appeared Zwingenberger and Walther f 
have again published the original paper with the addition of 
a more detailed account for the preparation of the different 
products, and have added sdong with other material the 
melting-points of the salts they examined. 

In this last article they admit that one of their products 
(III) passes into the other (IV), " durch Erhitzen in Petrol- 
ather." In spite of this fact, previously shown by one of us 
(they ignore the results obtained by crystallization), Zwing- 
enberger and Walther still maintain that these compounds 
are different amidines and that four methenylphenylparatolyl 
amidines exist. The method of preparation of these products, 

* Amer. Chem. Jour., xiz, 867. 
t J. prakt. Chem., Itu, 209. 
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the salts and melting-points, as found by these authors, are 
given in the following table: 

BewlU of Ziringenberger and Walther. 

M.P.OC ]I.P.ofPt01« M.P.of 
Prapanlion. ProdnoL PredpiUte. Pionto. 

I. By fusing together meth- ^ 

enyldiphenyl amidine [• 120° 213** 178** 
and p-toluidine ) 

II. By warming in alcohols 

methenyldi-^tolylami- C 132*" 127°* 209** 
dine and C«H5NHs.HCU 

III. From formtoluide, ani--i ^go 207° 196° 
line, and PClg j 

IV. From form^dlide, p-tol- > ^^ g^g, j^j, 
uidme, and PClt ) 

From the work done by one of us we knew that Walther's 
products I and II contained unaltered methenyldiphenyl and 
methenyldi-^tolyl amidines respectively. It only remained 
to mix with these amidines what one might expect to get, 
t. e., either one of the products obtained in III or IV, to 
solve the mystery of the four methenylphenylparatolyl 
amidines. 

Product^ M. P. liOP. — By mixing 8 parts methenyldiphenyl 
amidine (m. p. 185°) with 5.5 parts of methenylphenylpara- 
tolyl amidine (m. p. 98°-101°) and crystallizing this mixture 
once from petroleum ether, a product identical in every respect 
with the so-called methenylphenylparatolyl amidine of Zwin- 
genberger and Walther can be prepared. The melting-point, 
behavior, appearance, all agree with the material prepared 
according to their directions, and the salts obtained from 
this mixture conform with surprising exactness with those 
prepared by the methods of Zwingenberger and Walther. 
(See I a in table beyond.) 

Prodtietj M. P. 13^. — By mixing 8 parts methenyldipara- 
tolyl amidine (m. p. 140"^) with one part of methenylphenyl- 

• TrobMy misprint in Z. and W/s article, and if intended for 217^. 
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paratolyl amidine (m. p. 98''-101°), and ciystaUizing the 
mixtoie once from petroleum ether, the so-called methenyl- 
phenylparatolyl amidine of Zwingenberger and Walther, 
melting at about 132^9 can be obtained. The close agreement 
of these mixtures with the supposed amidines of Zwingenberger 
and Walther is shown by comparing the following table with 
I and II above : 

Mixtu,re% Prepared by Ub.* 

ItCLPn- 
M. P. dpme. Plonte. 

la. 8 parts methenyldiphenyl '\ 

amidine and 6.6 parts/ ugo.m^ 213^ 1770-1789 
methenylphenylparatolyl i 
amidine J 

Ua. 3 parts methenyldi-;p-tolyl \ 
amidine and 1 part meth- ( 
enylphenylparatolyl ami- C 
dine / 



131^-133^ 216^ 209*^ 



From this it is conclusively proved (hat Walther* s amidines 
melting at 120° and 132*" are mixtures^ and are ther^ore to be 

• It iB unnecessary to describe here the rarions mixtures or proportions we 
experimented with. Within fairly wide limits the same results are obtained, 
so that the quantity of solvent is not given. A little more of the high-melting 
amidine raises the melting-point of the mixture, while more of the compound 
melting at 08^-101° lowers the same. It is interesting to note that the lower- 
melting constituent that we used melts lower than the mixture in both cases ; 
no evidence of melting could be detected in the mixture below the figures 
given, and that, while the product melting at 98^-101° usually separates from 
ligroin or petroleum ether in the form of needles, nevertheless, when mixed 
with methenyldi'/Ktolyl amidine, which separates in prisms, only the prisms 
form, at least at first. A product prepared according to Walther's fourth 
method, which usually forms prisms, melted at 106^. When mixed with 
methenyldiphenyl amidine gave needles melting at 120^-126*'. We now have 
the explanation of Walther's results, in regard to the different crystalline 
forms of the products melting at 08° and 102°. The material simply contains 
small quantities of other amidines which not only afiFect the melting-point, but 
determine what form shall result, either needles or prisms. 

We will further examine these points later in other cases. What seems to 
be the best explanation of these curious facts is that the amidines form 
isomorphous mixtures, which, as experience teaches us, can only very slowly 
be separated by repeated crystallizations. 
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stricken from the literature. Since the same methenylphenyl- 
paratolyl amidine can be used in both of the above mixtuies, it 
follows that only one mixed amidine results when Walther's 
first and second methods are foUotved. When, in the above 
mixtures, in place of the product melting from 98^ to 101^ the 
material prepared according to Walther's fourth method is 
used, almost the same melting-points are obtained both in the 
case of the duplicated '* amidines " and their salts. It fol- 
lows, therefore, that these products (Stained by the third and 
fourth methods contain the same amidine ; that there is there- 
fore no proof of a direct dovhU decomposition in these reactions; 
and that at the present time only one methenylphenylparatolyl 
amidine is known. 

Moreover, it may be stated that Walther determines struc- 
ture by the method of preparation of amidines * in spite of the 
fact that Pechmann has shown, in numerous cases, that this is 
impossible. He states that from f ormanilide, paratoluidine, and 
phosphorus trichloride the following amidine must be formed, 
C«H^H— CH=NCeH4CHg. In other words, the action, accord- 
ing to him, must take place as follows: 

HC^ -> HC^ 

^iOH,jNCeH4CH, ^NCeH^CH, 

That the reaction does not proceed in this manner is shown by 
the fact that f ormanilide, methylaniline, and phosphorus tri- 
chloride give an excellent yield of methenylmethyldiphenyl 
amidine. Indeed, this appears to be a smoother reaction 
than when primary amines are used (see below) : 

In this case it is impossible for the reaction to proceed as 
Walther states. 
This reaction in the case of primary amines is altogether 

• J. prakt Chem., It, 43; Ibid^ Irii. 229. 
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too violent to be used to decide delicate cases of isomerism. 
Indeed it takes place with such energy that it has never hap- 
pened in our work that the products obtained by one and the 
same method show even approximate agreement in their 
melting-points on crystallizing the same number of times. In 
one case in an attempt to prepare Walther's amidine melting 
at 98®, a product was obtained, which, after seven crystalliza- 
tions from ligroln, did not melt above 86°. In another at- 
tempt to prepare Walther's product melting at 102°, the only 
approximately pure product we could isolate was an amidine. 
This, however, did not melt at 102°, after five crystallizations, 
but from 184^ to 135°. If the compound had separated in the 
form of needles, it would have been identified as methenyldi- 
phenyl amidine; it was, however, probably methenyldipara- 
tolyl amidine, but the quantity was too small to enable us to 
decide this point. Again, in one preparation of the com- 
pound melting at 102° a product was obtained that melted 
at 106°. 

The conclusion from these results is that Walther's ami- 
dines said to melt at 98° and 102° (none of his amidines, as 
obtained by us, melted sharply), undoubtedly contain more 
or less of these impurities which caused the observed varia- 
tions in melting-points. 

Eight years ago it was found by Comstock and Wheeler, 
although the results were not published, that phenylform- 
imidomethyl ester and metanitraniline gave the same methenyl- 
phenylmetanitrophenyl amidine as metanitrophenylformimido- 
methyl ester and aniline. Since these reactions take place at 
ordinary temperature, this method of studying possible iso- 
mers here is by far the best that has yet been employed. We 
propose to prepare methenylphenyl-p-tolyl amidiae by similar 
methods, and determine how far the pure product differs from 
Walther's compoimds.* 

* Since the above was written, we have prepared this amidine by these 
methods, and find that it melts at 86o, and also that all the products described 
by Walther as methenylphenyl-^tolyl amidines are, without exception, 
mixtures. 
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Methenylmethylphenylamide-phenylimidiTiey C%S${ CEz)N'-' 
CjE[=NCtir$» — This amidine has been prepared now by three 
methods. 

L It was first obtained by Comstock and Wheeler * by mix- 
ing monomethylaniline with methylisoformanilide. 

II. It has been obtained by ns by adding a mixture of 
monomethylaniline and f ormanilide, in molecular proportions, 
to an excess of phosphorus trichloride. After the reaction 
the excess of phosphorus trichloride was poured off, and the 
residue treated with poimded ice. On standing the material 
dissolved, and to the cold solution cold sodiimi hydroxide was 
added. This precipitated an amber-yellow oil, which was 
extracted with ether and dried over calcium chloride. The 
ether was then evaporated, and the oil distilled at 25 mm. 
pressure. It began to boil at about 95°, then the temperature 
rapidly rose to 219'', when from 219° to 220° all but a few drops 
of material was collected-. The first portion contained unal- 
tered (?) material, while the portion boiling between 219° and 
220° consisted of almost pure amidine. From 10 g. of forman- 
ilide, 4.5 g. of low-boiling, and 12.1 g. of material boiling 
within one degree were obtained. The material thus ob- 
tained had a slight odor of phenylisonitriL It was redistilled 
at 80 mm. and again at 26 mm. pressure. That it was not 
decomposed by tibis treatment is shown by the fact that it 
boiled constantly at this pressure from 218.5° to 219°. It still 
had an odor of isonitril, but this was present only in very 
smaU quantity. 

III. In spite of the failures of Zwingenberger and Walther 
to prepare this amidine from methenyldiphenyl amidine by the 
action of methyl iodide, it can also be obtained in this way, 
but the prepeuration by this method is not to be recommended, 
as the yield, as determined by one experiment, is not good. 
We observed its formation when 10 g. of methenyldiphenyl- 
amidine were heated with an excess of methyl iodide to 185°- 
140° for seven hours. After evaporating off the excess of 
methyl iodide, a sticky, colorless residue was obtained. 

• Amer. Chem. Jour., xiii, 618 ; Beibtein [8], ii 846. 
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This was shaken thoroughly with ether and water. The 
ether took up the color and the aqueous solution was only 
pale yellow. A solid residue remained that did not dissolve. 
This proved to be the hydrogen iodide salt of unaltered ami- 
dine. The aqueous solution was treated with cold sodium 
hydrate, and the resulting oil separated, dried, and distilled 
at 80 mm. pressure; 2 g. of colorless oil came over below 
226^, mostly dimethylaniline, then 8.5 g. of material, the 
greater portion distilled constantly at 226**, while above this 
1.8 g. of thick oil remained. The portion boiling at 226^ 
was not pure, however ; it had the odor of isonitril, and de- 
posited on standing, or when treated with ligroln, crystals of 
unaltered methenyldiphenyl anudine. The ligroln solution 
gave the salts described below. 

Methenylmethylphenylamide-phenylimidine prepared by any 
of these three methods is a pale yellow, ahnost colorless, oil 
which in a freezing-mixture (—15°) gets thick and pasty, 
but could not be solidified. It is readily soluble in cold 
petroleum ether and the ordinary solvents. When concen- 
trated hydrochloric acid is added to the oil, it gives the solid 
hydrochloride. 

The Hydrochloride^ Cx^HiJJ'^nCl. — This is best prepared 
by dissolving the amidine in petroleum ether and passing in 
dry hydrogen chloride. The precipitate crystallizes from ab- 
solute alcohol in large transparent colorless rhombohedrons 
or thick tables. It melts with decomposition at about 228*^. 
A chlorine determination in the same prepared from the ma- 
terial obtained by the second method gave : 

Calenlatod for m ,^^,- 

CI 14.4 14.3 

This salt is very soluble in water, and decomposes on stand- 
ing in alcoholic solution. 

The Qold Chloride Double Salt, OuffiJ!r^ECfl.Au Cl» has well- 
characterized properties, and easily serves to identify the ami- 
dine. It separates from alcohol by adding water in yellow. 
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six-eided plates with growth markings parallel to the edges. 
Prepared from material obtained by any of the above methods, 
it melted sharply at 146® (as previously described), A por- 
tion made from material obtained by the second method above 
gave the following result: 

Oalonlatod far vmh.ji 

0MBuN,H0LAu01e. roaa^ 

Au (196.7) . . 36.7 36.3 

New Haybh, October 20, 1896. 
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ON THE REARRANGEMENT OF IMmO-ESTERS.* 

By H. L. wheeler ^kd T. B. JOHNSON. 

The fact that the silver salts of the amides give imido-esters 
with alkyl halides was observed simultaneously, in the year 
1890, by Tafel and Enoch f and by Comstock4 As we had 

occasion to prepare ethyl phenyUmidoformate, HC\^^*jx'> 

by their method, and, wishing to avoid the slow process of 
wanning silver formanilide suspended in ether with ethyl 
iodide for several days, we heated a portion of the silver salt 
to 100° in a closed tube with an excess of ethyl iodide. An 
oil was thus obtained which did not contain a trace of the ex- 
pected imido-ester. The entire reaction-product was iV^thyl- 
formanilide. 

In order to assure ourselves that our material was not at 
fault, we boiled another portion of the same sample of silver 
salt, in an open vessel, with an ether solution of ethyl iodide, 
and got an excellent yield of the sought-for isomeric imido- 
ester. 

This " tautomeric " reaction of the silver ssdt with ethyl 
iodide is remarkable, since the difference of conditions in the 
two cases cited is so small, — a difference of temperature less 
than 65° and only slight increase in pressure in the case of the 
reaction in the closed tube.§ 

• Amer. Chem. Jour., xxi, No. 3. 
t Ber. d. chem. Ges., xxiii, 103 and 1560. 

t Ibid., xxiii, 2274 and R. 650 ; also Amer. Chem. Jour., xiii, 614. 
§ These striking results show that the method of preparation of a com- 
pound proves nothing in regard to its structure, and that arguments con- 
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Another portion of the same salt was heated again in a 
closed tube to 100°, as in the previous experiment, except 
that in this case a little less than the calculated amount of 
ethyl iodide was used, when little or no imido-ester was 
obtained. 

These &cts suggested that in the case of the reactions in 
the closed tube we have not a single reaction but a set of reac- 
tions. The first and intermediate product, the imido-ester, 
under the conditions of the experimeut, reacts further with 
the ethyl iodide to give iV^thylf ormanilide. This must take 
place by addition in either of tiie following two ways : 

HC— |I 

\OC,H, Z^*"* N!>0 

. N-C,H, 

|C.H,| 

That is, ethyl iodide is either added to the carbon and nitrogen 
that are doubly linked together, or entirely to the nitrogen, 
and then separates again in another manner, as indicated by 
the dotted lines. 

That this is the course of the reaction is shown by the fact 
that benzimidoethylester, prepared by Pinner's method from 
benzonitril, when heated with ethyl iodide at 100°, gives 
practically nothing but ethylbenzamide : . 

ceming stmctnre, based solely on the compounds formed in a reaction, have 
no weight In the sodium salts of the amides the metal is universally 
represented as attached to nitrogen simply because these salts give nitrogen 
alkyl compounds with alkyl halides. That the metal is attached to nitrogen 
in these compounds is improbable. The above reactions show that slight 
changes in conditions may produce opposite results, and the difference in 
conditions when alkyl halides act on sodium salts on the one hand and on 
silver salts on the other, is certainly great — greater, at least, than is neces- 
sary to produce the opposite results in the case of the same materialt t. e^ 
the silver salts. 
VOL. n. — 14 



Digitized by VjOOQIC 



210 ON THE REARRANGEMENT 

The reaction taking place as shown above has the effect of 
simply transferring the ethyl from its union with oxygen to 
the nitrogen. 

The tautomeric reaction in these cases, as in others, is un- 
doubtedly nothing but a reaction by addition. 

The above cases are the first that have been observed where 
a silver salt of an acyclic amide, anilide, or imido-ester gives 
nitrogen derivatives with alkyl iodides.* The behavior of 
the silver salts and imido-esters with alkyl halides under 
pressure and at a somewhat elevated temperature is analo- 
gous to their behavior with acyl chlorides in the cold. It 
was shown in previous papers f on the compounds in ques- 
tion, that the silver and mercury salts of the anilides, and the 
corresponding imido-esters give the same diacylanilides, and 
that nitrogen-substituted derivatives resulted in each case. 

The above action of ethyl iodide on silver formanilide ex- 
plains the behavior of acyl chlorides with the silver salts — a 
"tautomeric" reaction when compared with our previous 
knowledge of the action of alkyl halides. It would seem that 
silver formanilide, for example, reacts, giving an acyl deriva- 
tive, as follows : 

A. B. 

/C.H. 
HCf -^ HCf -> HC'f \ 



^OAg ^O.COCH, ^0 



iCl 
ICOCH, 



• Pinner, in his work " Die Imido&ther/' states that an attempt to replace 
the imide hydrogen in benzimidoisobutylester by heating the ester to 100^ 
with ethyl iodide led to no result. He obtained an abundant reparation of 
cyaphenin with a small amount of resin. This result was probably due to 
the fact that Pinner's ester was not purified by distillation under diminished 
pressure. When these esters are thus purified some of them do not decom- 
pose but can be distilled at ordinary pressure, as shown by Bushong, Amer. 
Chem. Jour., ZTiii, 400, and in previous papers from this laboratory. 

t Wheeler and Boltwood, Amer. Chem. Jour., zriii, 881; Wheeler and 
McFarUnd, Ibid., xviii, 640; Wheeler, Ibid., xtiu, 695; Wheeler and Walden, 
Ibid., xix, 129; Wheeler and Metcalf, Ibid., xix, 217; Wheeler, Walden, and 
Metcalf, Ibid., xx, 64. 
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The first acyl derivative (A), being unstable, reacts further 
by addition as above (B), tiien acetyl chloride separates, the 
H COCH. 

stable form, 0=O-N— C«H„ results. The curious fact that 
silver benzamide gives with benzoyl chloride benzonitril and 
benzoic acid, and not dibenzamide, confirms this supposition. 
The first reaction of the silver salt is a direct replacement of 
silver by the acyl group. This arrangement being unstable 
the compound formed decomposes as follows: 

CACfJ |. 

^jOCOC^ 

It may, however, be stated in general that compounds of the 

formula BOO=N are more or less unstable, and readily pass 

R' R" 

into the isomeric form 0=G— N— B. The ease with which 
this takes place depends on the character of the groups R, R\ 
and R^^ It is therefore not improbable that with suitable 
groups and the proper regulations of conditions pseudoamides, 

R'C^^„, and imidoacylanhydrides, K'C\orOR'* ^^^^ ** 

present are unknown among acyclic compounds, may be 
prepared. 

Eo^erimmtal Part. 

N'Mhylfarmanilide from Silver Farmanilide. — 25 g. silver 
f ormanilide dried over sulphuric acid and which on analysis 
gave 47.86 per cent of silver (calculated 47.41 per cent), 
were heated with 22 g. of ethyl iodide* to 95^-100® for six 

* In the experiments in cloBed tabes we inTariablj weighed onr ethyl 
iodide in % thin glats tnbe, which was sealed up as soon as weighed. This, 
with the imido-ester, was introduced into the larger tube nsed in heating, and 
after this tube had been sealed and cooled, the smaUer tnbe was broken by 
shaking. In this way we aroided loss by eraporation, and the otherwise 
unaToidable separation of iodine that always accompanies the sealing of 
tubes containing ethyl iodide. 
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hours. An oil resulted which was extracted from the silver 
iodide by means of dry ether. This gave^ on distilling, a 
product boiUng from 267° to 267°. (Ethyl phenylimidofor- 
mate boils from 218° to 215° at ordinary pressure.) This oil 
was twice distilled. It evidently decomposes to some extent. 
Two fractions were finally obtained. The first, which was 
clear and colorless, boiled from 259° to 263° ; the second from 
263° to 266° (barometer 772 mm.), the whole material boiling 
within 7°, except a small residue left in the distilling-bulb. 
The absence of ethyl phenylimidof ormate was shown, not only 
by the boiling-point of the material, but also by mixing with 
ortho- and paratoluidine, when no amidides were found. A 
nitrogen determination in the clear, colorless, inodorous oil 
(no isonitril odor, hence entire absence of formaniUde) gave : 

Caloalstod for «^«m.^^ 

HCONCA-CA. '^""**- 

N 9.40 9.70 

The material is therefore isomeric with the expected ethyl 
phenylimidoformate. Pictet and Cr^pieux* give the boiling- 
point of ethylformanilide as 258° at 728 mm. The fact that 
our material boiled, for the most part, higher than this is due 
to the difference in barometic pressure. 

That our material was ethylformanilide is shown by the 
fact that on warming with hydrochloric acid and a little 
alcohol the formyl group separated as ethyl formate, and the 
resulting solution, on evaporation to dryness, gave a crystal- 
line residue which, when pressed on paper and dried in the air, 
melted (not sharply) at 173**. Reynoldsf states that the melt- 
ing-point of ethylaniline hydrochloride is from 172® to 175°. 
This, on dissolving in ice-water, gave, with potassium nitrite, 
the characteristic nitroso-compound of ethylaniline. There 
is, therefore, no doubt, that the entire reaction-product was 
ethylformanilide. 

In order to determine whether the silver salt of formaniUde 
reacts more readily with ethyl iodide than the imido-ester 
under the conditions of the reaction in the closed tube, we 

* Ber. d. chem. Ges., xxi, 1108. t Jour. Chem. Soc., Ixi, 456. 
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heated 15,45 g. of silver formanilide with 9.6 g. of ethyl 
iodide (about 1 g. less than molecular proportions) to the 
same temperature and for the same length of time as in the 
previous experiment. This gave an oil, but not a trace came 
over at the boiling-point of the imido-ester. It began to boil 
at about the same temperature as the product of the previous 
experiment, but the quantity was too small to give a constant 
boiling-point The first few drops that came over were mixed 
with aniline, and then sufficient diphenylformamidine for a 
melting-point determination was obtained. This shows that 
ethyl phenylimidoformate is more readily acted on in closed 
tubes than the silver salt 

In another experiment 25 g. of silver formanilide, the 
same preparation as that used above, and considerable excess 
of ethyl iodide, were warmed in ether for three days on the 
water-bath; not all the salt was acted on at this time, but, 
nevertheless, we obtained about 8 g. of ethylphenylimidofor- 
mate, boiling from 213"^ to 217"". The higher boiling material 
was by far the smallest part This, decomposed with hydro- 
chloric acid and evaporated to dryness, gave a solid mass 
which was taken up in water, filtered from resin, and then 
nitrous acid precipitated the nitroso-compound of ethylani- 
line. It seems, therefore, that ethyl phenylimidoformate suf- 
fers rearrangement, to some extent, at ordinary pressure and 
at the temperature of boiling ether. 

N'Ethylhenzamide from Ethyl Imidohenzoate. — 10 g. of 
ethyl imidohenzoate and 16 g. of ethyl iodide were sealed 
up and heated to 100^ for eight hours, then two or three 
hours at 130*^-160**. The contents of the tube, after evapo- 
ration of the ethyl iodide, distilled almost entirely from 176** to 
184° at 20-21 mm. pressure. A few drops distilled below 
176**. This proved to be benzonitril. The chief product, 
weighing about 7g., was redistilled at ordinary pressure, when 
it practically all boiled from 295** to 296**. This perfectly 
colorless oil deposited some crystals. The whole was then 
taken up in benzene and filtered from a small amount of 
material ciystallizing in plates and melting from 123** to 126"* 
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(benzamide (?)). The benzene solution was evaporated and 
the oil redistilled. It boiled from 295'' to 298'' and, on stand- 
ing over night, deposited a mass of thick, colorless prisms. 
These, pressed on paper and freed from a little inodorous oil, 
melted from 69"" to 70**. (The oil is perhaps 






or C«H,C^ ^»^ 



It will be investigated later.) The material was crystallized 
from dilute alcohol, when beautiful, long, flattened^ colorless 
prisms developed from the oil which first separated. These 
melted at about 69''. The melting-point of ethylbenzamide is 
usually given as 68^-69**. A nitrogen detennination gave the 
result I, below. 

In another experiment, when an excess of imido-ester was 
used, the quantity of ethyl iodide being in the proportion of 2 
molecules of the ester to 1 molecule of the iodide, the chief 
product boiled from 298** to 299°. This was analyzed without 
being allowed to stand. It was free from crystals at first, but 
on standing solidified. The result on analysis (II, below) 
shows that it is practically identical with the solid I. 

GftloolAtod for FMnd. 

OaSsCONHCA- I* n. 

N 9.40 9.11 9.47 

The melting-point, appearance, behavior, and analysis 
therefore agree with those of ethylbenzamide, but Gattermann 
and Schmidt* give the boiling-point of this compound as 
256*'-260''. To settie this point we prepared ethylbenzamide 
by the Schotten-Baumann reaction, and found that with 14 g. 
of material the entire product boiled at 762 mm. pressure from 
298° to 300°. This material is identical with the product from 
ethyl imidobenzoate in all its properties, and the boiling-point 
given by the above authors is far from correct. 

A quantitative determination of the products formed in the 
latter of the above experiments was made as follows : When 

* Ann. Chem. (Liebig), cczUt, 60. 
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16 g. of ethyl imidobenzoate (2 molecules) were heated in 
a closed tube with 7.85 g. of ethyl iodide (1 molecule) for 
eight hours, a somewhat thick oil or solution resulted which 
contained minute ciystals in suspension. The contents of the 
tube were diluted with dry ether, and the turbid solution fil- 
tered. The melting-point of the needles, after they were 
washed with ether, showed that the material was a mixture or 
impure. It showed signs of melting at 120^ and was com- 
pletely melted at 203^. It had the appearance of cyaphenin. 
The quantity of this material was insignificant, less than 0.2 g. 
On evaporating the ether solution an oil was obtained which 
was distilled at 18-19 mm. pressure. Three portions were 
then obtained: (1) below 170% Ig.; (2) 170°-178% 9.1 g. ; 
and a residue in smaller quantity above 178^, which soon 
solidified on cooling. 

The first fraction proved to be mostly benzonitril; the 
second or greater portion was redistilled at 762 mm. pressure, 
when it practically all boiled from 298** to 299**. It was ob- 
tained as a strongly refracting colorless oil which, on stand- 
ing, soon solidified, but not completely, giving beautiful large 
crystals of ethylbenzamide. The residues from this distilla- 
tion and that from the distillation under diminished pressure 
were dissolved in ether and the ether then evaporated. This 
residue weighed 4.5 g. It appeared to consist of a mixture of 
benzamide and ethylbenzamide. It melted at about 60"*. The 
material, crystallized from benzene, melted from 120^ to 126^. 
On crystallizing from water it separated in the form of plates 
and melted at 128°. The quantities of the different products, 
formed in the above experiment, is therefore about as follows: 

o. 

Benzamide and ethylbenzamide 45 

Ethylbenzamide (and dietbylbenzamide (?)) . 9.1 

Benzonitril 1.0 

Cyaphenin 0.2 

From this it is apparent that the chief reaction is a rear- 
rangement of the ethyl group from oxygen in the imido-ester 
to the nitrogen. 
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The fonnation of benzamide is to be explained by the 
decomposition of ethyl imidobenzoate hydiiodide, which is 
known to decompose into ethyl iodide and benzamide when 
heated. The fonnation of this ethyl imidobenzoate hydrio- 
dide is due to the separation of hydriodic acid from the addi- 
tion-product which, as above stated, must be formed as an 
intermediate product. The reaction of ethyl iodide on ethyl 
imidobenzoate, therefore, proceeds in two ways, or, in other 
words, the primary addition-product separates chiefly ethyl 
iodide (I, below), and to a lesser extent a portion decom- 
poses separating hydrogen iodide (II), which then unites 
with the unaltered imido-ester: 

I. a 



/^? and ^^i 



C.H,C \fi 

^0 jCtH,l 



[H 
C«HeC" \ il 



The ethyl ethylimidobenzoate resulting from the decom- 
position II is then rearranged with ethyl iodide yielding 
diethylbenzamide, or remains unaltered, so that one or both 
of these compounds constitute the oil which accompanies, in 
small amount, the crystals of ethylbenzamide. 

Diethylbenzamide is known to be an oiL The other com- 
pound, ethyl ethylimidobenzoate, has not yet been prepared. 

We are now engaged in preparing this and similar com- 
pounds, in order to determine more positively what the by- 
products in these reactions are, and we intend to examine 
the rearrangement of other imido-esters, in general, more 
thoroughly. We wish to reserve this field for ourselves. 

New Hayxn, NoTember 1, 1808. 
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ON THE REARRANGEMENT OF THE 
THIONCARBAMIC ESTERS.* 

Bt H. L. wheeler and BAYABD BARNES. 

In the year 1849 Debus f found that when xanthogenamide, 
sulphourethane, sulphocarbamie ethyl ester or ethyl thioncar- 
bomate :( is heated, it is decomposed into ethyl mercaptan and 
cyanuric acid. This is, perhaps, not what would be expected 
of a compound having the structure HiNCS.OCiHf. Its 
structure is shown, however, by its method of preparation 
from the xanthogenic esters and ammonia: 



CaH,0CS.jSC8H, HiNHt = CtH50CS.NH, + HSCtH,. 

With alkali it is decomposed normally, according to Debus,§ 
into alcohol and sulphocyanate. C. Liebermann,|| comment- 
ing on this behavior in 1881, states : " Es ist nicht unmoglich, 
dass man diese Reaction durch eine Umlagerung vielleicht in 
das von Salomon IT entdeckte carbonylsulfathylamin [ethyl 
thiolcarbamate HiNCO.SCjHs] erklaren muss, wof ur auch der 
Umstand spricht, das die einmal begonnene Reaction von 
selbst fortschreitet" 

Liebermann, however, did not test this explanation or 
assumption. 

It seemed to the writer that if the thioncarbamic esters are 
capable of rearrangement into the isomeric thiol derivatives 
this reaction would be aided by alkyl iodides. The iodides 

• Amer. Chem. Jour., xxu, No. 2. t Ann. Chem. (Liebig), Ixxii, 18. 

t In naming these substances the writer has employed the Genera nomen- 
clature thian and thiol. By this means the position of the sulphur can best be 
indicated, thion being used for compounds containing the group — CS.OR, and 
thiol for those containing the group — CO.SR. 

i Ann. Chem. (Liebig), Ixxv. 149. U Ibid., ccTii, 166. 

Y J. prakt Chem. [2], yii, 266. 
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would unite with the esters forming, at least, an intermediate 
addition-product — somewhat analogous to the sulphonium 
compounds — which would then give up alkyl iodide in another 
manner. 

This seemed probable, as Jeanjean * found that dithiocar- 
bamic ethyl ester gives a crystalline compound with ethyl 
iodide, HjNCS.SCH* + C,HJ, while the work of Claus,t 
Bemthsen,:( Wallach,§ and others has shown that the thio- 
amides in general form similar addition-products with alkyl 
halides. 

We therefore heated 10 g. of ethyl thioncarbamate with 
5 g. of ethyl iodide for a number of hours in a sealed tube, 
at 92° -96®. On cooling and opening the tube ethyl mer- 
captan and a compound having the properties of cyanuric 
acid were obtained. Under these conditions the reaction had 
proceeded as Debus found when the amide was submitted to 
distillation. Evidently this treatment was too energetic. 

We then tried the action of ethyl iodide at ordinary tem- 
perature, when it was found that the rearrangement took place 
readily. 

With methyl iodide the rearrangement is most striking. 
When methyl thioncarbamate (methyl xanthogenamide), 
melting at 43®, is mixed with a molecular proportion of 
methyl iodide, it dissolves, the temperature of the solution 
sinks, and then in a few minutes becomes warm enough to 
boil ofif the methyl iodide, and the whole solidifies to a shin- 
ing mass of flattened prisms or plates. The material, after 
this treatment, melts at 105®-! 07®, and is, in fact, methyl 
thiolcarbamate, the carbonylsulfmethylamine of Blankenhom.|| 
The methyl group has been transferred from the oxygen to the 
sulphur, and the thion compound has been transformed into a 
thiol: 

y^S •SCH. 

^<OCH. - ^Ko • 

• Jahresb. (1866), 601. t Ber. d. chem. Ges., viii. 41. 

X Ann. Chem. (Liebig), czcii, 56. $ Ber. d. chem. Ges., zi, 1694. 

il J. prakt Chem., zri, 879. 
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This interesting reanangement is undoubtedly the result of a 
series of reactions, the alkyl iodide separating into its constit- 
uents, alkyl and iodine, the constituents being added to the 
sulphur, and then separating alkyl from the oxygen along 
with iodine from the sulphur. This, perhaps, is best shown 
by the behavior of ethyl thioncarbamate (ethyl xanthogen 
amide) with methyl iodide, the action taking place with the 
same ease as with the methyl compound. This may be repre- 
sented in either of the following two ways : 

\SCH, ' 

That is, either the alkyl iodide forms a tetravalent sulphur 
addition-product or it is added to the double union between 
sulphur and carbon. At any rate, from ethyl thioncarbamate 
and methyl iodide, methyl thiolcarbamate and ethyl iodide are 
obtained. 

We have prepared a series of thioncarbamic esters and find 
that they all undergo this change easily with alkyl iodides. 
This rearrangement, moreover, is not confined to the action of 
iodides. Ethyl bromide, and even ethyl chloride, converts 
ethyl thioncarbamate into ethyl thiolcarbamate. 

It might be expected now that ethyl thioncarbamate with 
ethylene bromide would give the compound 

H,NC0.8CH,.CH,.Br. 

This, however, is not the case. As conunonly observed with 
ethylene bromide, both halogens react at once, and the ethyl- 
ene ester of thiolcarbamic acid results, 

H,NCOSCHtCHtSCONH„ 

along with ethyl thiolcarbamate, the latter resulting from the 
action of ethyl bromide which is evolved in the reaction* 
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George Pinkus,* in his work on the action of trimethylene 
chlorobromide on thioamides, obtained, in the case of xantho- 
genamide, a product to which he assigns the empirical formula 

He states that in the reaction ethyl bromide was evolved and 
the product melting from 102^ to 103° gave with potassium 
hydrate an offensive odor. It is now evident that in this 
experiment Pinkus had effected a rearrangement of the 
xanthogenamide without recognizing it, and that his product 
corresponds to a mixture of equal parts oo-chlor- and ©-brom- 
propyl thiolcarbamates. 

We have found that ethyl thioncarbamate reacts readily 
with chloracetic acid and other halogen compounds. These 
reactions will be described in a later paper. At present 
we have not examined the substituted diioncarbamic esters 
RNHCSOR' and RNR''CSOR', but we intend to do this later. 

The above rearrangements, taking place as they do at 
ordinary temperatures, alter our views in regard to the 
structure of certain salts of thio- or sulphocarbamic acids. 
Neither thioncarbamic acid, HjNCS.OH, or thiolcarbamic 
acid, HjNCOSH, is known, and according to Beilstein f only 
salts of thiolcarbamic acid have been obtained. 

The formation of the ammonium salt, when carbon oxysul- 
phide and ammonia combine, % is represented as follows : 

COS + 2NH, = H,NC0.SNH4. 

This thiol structure was established by the work of Flei8cher,§ 
who found that the salt gives with ethyl bromide at 100**, 
ethyl thiolcarbamate. Fleischer, therefore, concluded that this 
result settled his controversy with Glaus, || who considered 
the compound a thion derivative. Previously, KretzschmarlT 
assigned the thiol structure to this salt, chiefly because it 

• Ber. d. chem. Ges., zxyI, 1077. t Handbuch d. org. Chem. [8], i, 125a 
X Berthelot, Jahresb. (1868), IdO. § Ber. d. chem. Ges., iz, 091. 
II Ibid., ix, 723. IT J. prakt Chem., yii, 476. 
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gives urea and hydrogen sulphide when heated. Schmidt* 
came to the same conclusion. 

Since now the action of ethyl bromide cannot be used to 
distinguish between a thiol or thion structure in this class of 
substances, it seems to the writer that the view of Claus is 
the best ; t. «., the ease with which this salt is desulphurized 
points to the formula H2NCSONH4. This view is confirmed 
by the &ct that HjNCS.OCiHs is readily desulphurized by 
silver nitrate, while HsNCOSCtHt gives a stable silver salt 

The action of ethyl bromide on this salt is therefore to be 
represented in precisely the same manner as shown above in 
the case of the thioncarbamic esters : 



^of 




H,NCt i j 




/SC.E, 


-¥ 


-*■ 


H,NC«^ 


O.NH, 




OjNH* 1 








The questions now arise: Is this reaction a general one 
for thion compounds? Will compounds of the structure 
ROCS.OR give ROCO.SR, and ROCS.SR be transformed 
into RSCO.SR? Do the salts of the thioncarbonic acids 
react tautomericaUy with alkyl halides? 

With the exception of the above series and the alkyl sul- 
phur derivatives of carbonic acid, littie is known of the thion 
compounds containing the grouping — CS.OCiH,. One salt 
of thionethylcarbonic acid has been described. Klasonf states 
that carbon sulphochloride, CSCl^, and sodium ethylate give 
CjHjOCSONa. With this exception it is noteworthy that 
all the salts of thio- and dithiocarbonic acids hitherto de- 
scribed have the thiol structure assigned to them. 

This work also suggests that under suitable conditions a 
rearrangement may perhaps be expected in the case of tetra- 
valent sulphur compounds; for example, a shifting of alkyl 
from oxygen to sulphur may be expected in the case of the 
esters of the sulphinic acids thus giving sulphones: 

B— Sv — > RjS^ • 

OR ^0 

* Ber. d. chem. Ges., x, 101. t Ibid., xz, 2S84. 
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The alkyl sulphites may be transf onned into alkyl sulphonic 
esters, etc. 

C,H,0-SO-OC A -^ C,H»SO,OCJH,- 

Preliminaiy experiments by Mr. T. B. Johnson with ben- 
zenesulphinic ethyl ester and by Mr. R. J. Donnelly with 
ethyl dithiocarbonate, CsHsOCSSCiHi, show that these com- 
pounds are not transformed under the same conditions as the 
thioncarbamic esters, there being little, if any, tendency of the 
former, less positive, molecules to undergo change with ethyl 
iodide.* 

In the case of the alkali and ammonia salts of thioncarbonic 
acid the molecule is even more positive than in the case of 
the thioncarbonic esters ; therefore it appears that these com- 
pounds should react tautomerically. 

We wish to reserve for this laboratory the examination of 
these questions and the study of the rearrangement of thion 
derivatives with organic halogen compounds in general, and 
work along these lines is now in progress here. 

Experimental Part. 

The thioncarbamic esters were prepared in the usual man- 
ner by the action of ammonia on the dithiocarbonic esters, 
and the latter were prepared by means of ethyl bromide from 
the potassium xanthogenates. 

* It seems that basicity plays an important part in these addition reactions. 
It is probably due to the basicity of the molecules that the salts of the sul- 
phinic acids give solphones, and that the salts of snlphnrons acid gire the 
nnsymmetrical deriTatires with alkyl halides. Owing to the acid character 
of the molecules, it appears improbable that the nitrites will be changed to 
the nitroparalBns by alkyl iodidea In the case of the more positire salts of 
nitrous acid, which act tantomericaUy, the behayior is precisely what would 
be expected of an addition-reaction. The higher alkyl iodides, which in 
general hare less tendency to take part in addition-reactions, owing perhaps 
to stereochemical interference, gire chiefly nitrites with these salts, while in 
the case of the lower halides the nitroparaffins result In this connection the 
inertness of /9-ethozycrotonic ethyl ester may be mentioned. This compound 
can be heated with ethyl iodide for hours at 170^-18(P without being con- 
yerted into ethyl acetoacetic ester, and it can be boiled with benzoyl chloride 
and recoTcred unaltered. 
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Methyl Thiolcarbamate from Methyl ThioncarbanuUe. — 1 g. 
of the latter was mixed with 1.5 g. of methyl iodide. On 
dissolving the solution became cool, then warm, and the 
product separated in a solid mass of crystals melting at 105°- 
107°. On crystallizing from water it melted at lOT'^-lOS*'. 

Blankenhom* obtained this compound from potassium 
sulphocyamde, methyl alcohol, and hydrochloric acid, but 
probably not in a pure condition, since he states that the 
melting-point Ues betweeen 95° and 98°. In all other respects 
our compound agrees with Blankenhom's description. In 
20 per cent alcoholic solution it gave a yellowish-white, curdy 
precipitate with sUyer nitrate. Platinum chloride gave an 
orange-yellow, mercuric chloride a white, and cupric sulphate 
a dirty white precipitate. These precipitates did not alter on 
standing. 

Methyl thiolcarbamate is easily soluble in ether and in 
alcohol, but less readily in water, from which it separates in 
large, shining, colorless plates that have a talc-like consist- 
ency. It is somewhat volatile with steam. Warmed with 
aniline, it evolves methyl mercaptan and ammonia and 
diphenylurea remains. This carbamate is identical in every 
respect with the following: 

Methyl Thiolcarbamate from Ethyl Thioncarbamate. — The 
ethyl thioncarbamate used in this and other experiments melted 
at from 40° to 41° and not at 88°, as stated by Salomon.! It 
was purified by dissolving it in ether and precipitating with 
petroleum ether, when it was obtained in beautiful, square, 
thick tables. 

When 5.5 g. of this material were dissolved in 10 g. of 
methyl iodide, the solution became cold, but on standing a 
few minutes heat was evolved, and a mass of plates separated. 
On crystallizing these from water they melted at 107°-108°. 
A nitrogen determination gave the following result: 



OalenlKtod for 
H,N00.80H,. H,NGOB0A- 



Vonod* 



N 16.38 13.33 16.84 

* J. prakt. Chem. P], xvi, 375. t Ibid. [2], riil, 115. 
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It was found that the melting-points of methyl and ethyl 
thiolcarbamates are identical ; they melted side by side at the 
same temperature in the same apparatus. In order, therefore, 
to confirm our analytical result and prove that methyl and 
not ethyl thiolcarbamate results in this reaction, Mr. W. M. 
Saunders performed the following experiment to determine 
whether our product with aniline gives methyl mercaptan (a 
gas) or ethyl mercaptan (a liquid boiling at 86°), and also to 
identify the products of the reaction. 2 g. of the product 
obtained by acting on ethyl thioncarbamate with methyl iodide 
were heated with about 2 molecules of aniline to 160° in an 
oil-bath, when over 850 c. c. of gas was obtained which was 
collected over water. Ammonia and the odor of mercaptan 
were noticed. The gas passed into a solution of mercuric 
cyanide gave a finely divided white precipitate, which, purified 
by means of alcohol, in which it is very difficultly soluble, 
melted with decomposition at 170°-175°- The residue left 
on heating was crystallized from alcohol, when diphenylurea 
was obtained melting at 284° -236°. There is, therefore, no 
doubt that methyl thiol carbamate is formed in the above 
reaction, and the action with aniline proceeds as follows: 

/ jNH, HiHNC.H, / NHCeH, 

CO = CO +CH,SH-fNH,. 

\ fggg- jgj^ \ NHC«H, 

Ethyl Thiolcarbamate from Ethyl Thioncarbamate. — When 
a portion of ethyl thioncarbamate (xanthogenamide) was dis- 
solved in ethyl iodide, and the solution allowed to stand, a mass 
of silver-white plates remained after spontaneous evaporation 
of the iodide. These melted at 107°-108°. Another portion 
was allowed to stand only an hour, when the material melted 
below 60° ; the rearrangement then not being complete, the 
solution was warmed on the water-bath, when it soon solidified. 
This rearrangement, therefore, takes place with greater diffi- 
culty than in the case of the methyl carbamate. The material 
in this instance, melting at 107°-108° and needing no purifi- 
cation, was simply pressed on paper and dried in the air. A 
nitrogen determination gave the following: 
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Calculated for 
H|NC0.8GA* 



Found* 



N 13,33 13.02 

This product gave the reactions for " carboxylsulf athyl- 
amin " as described by Koniad and Salomon.* Although, as 
stated, the melting-point of this compound is identical with 
that of the methyl derivative, a mixture of the two was found 
to melt below 89°. 

In another experiment ethyl thioncarbamate (6 g.) and 
ethyl bromide (6 g.) were heated for an hour on the water- 
bath, when it was found that a rearrangement had taken place, 
the product being identical with the above. 

l9opropyl Thiolcarlamate from I%oamyl Thioncarbamate. — 
10 g. of the latter were heated with 12 g. of isopropyl iodide 
on the steam-bath for two days. On cooling, a mass of crystals 
was obtained. These were washed with warm petroleum 
ether and crystallized twice from water, when the material was 
obtained in colorless rectangular plates melting at about 125°. 
A nitrogen determination gave : 

Cslenlated for -m f ■ 

H^COBCjHt. roaaA. 

N 11.76 11.84 

The behavior of this material with silver nitrate, mercuric 
chloride, copper sulphate, and platinum chloride is identical 
with that of isobutyl thiolcarbamate and the other members 
of this series. 

I%ohityl Thioncarbamate was obtained by Myliusf from 
" isobutyldioxysulf ocarbonat " and alcoholic ammonia. He 
states that it forms yellowish-white tables (from alcohol) 
melting at 86°. Blankenhom | obtained this mixed with the 
thiol compound by treating potassium sulphocyanide in iso^ 
butyl alcohol with hydrochloric acid. He describes his prod- 
uct as a yellow oil crystallizing at 6° and melting at 10**. 
Our compound prepared from CjHnO.CS.SCjHs and alcoholic 
ammonia readily solidified, and on crystallizing once from 
ether and then from water, melted at 51f-63°. It forms a 

* J. prakt. Chem., x, 85. t Ber. d. chem. Ges., y, 070. 

{ J. prakt Cbem. [2], zri, 880. 
TOL. 11. — 16 
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snow-white mass of plates, and a nitrogen determination gave 
the following : 

GalculAtod for «u^^ 

H^caoc^H^ '*«°*- 

N 10.52 10.40 

Isobutyl thioncarbamate in dilute alcohoUc solution gives 
with silver nitrate a white precipitate which soon turns black 
(difference from thioUsobutylcarbamate). Mercuric chloride 
gives a white precipitate which can be boiled with water 
without change of color. Copper sulphate gives a white pre- 
cipitate which, when warmed, changes to black. Platinum 
chloride gives a yellow precipitate which, when warmed, 
decomposes. 

Isobutyl Thiolcarhamate from I%olmtyl Thioncarbamate. — 
6 g. of the above material, melting at Sl^-SS'^, were heated 
with 1 g. of isobutyl iodide, on the water-bath, for two hours, 
and on taking out a portion it was found to melt unaltered 
at 61**-53^. It was then heated in an oil-bath to 120° for 
several hours. On cooling, and crystallizing the material 
from water, it was then found to melt at 102*'-103**. It thus 
separates in magnificent snow-white plates of extreme thin- 
ness. A nitrogen determination gave : 

OalcnlAted for »«™,a 

H^COSO^Hs. roaoa. 

N 10.52 10.45 

Isobutyl thiolcarhamate closely resembles the other mem- 
bers of the thiol series. It is readily soluble in the ordinary 
solvents, except cold water, and it is volatilized with steam. 
Silver nitrate added to its dilute alcohoUc solution produces 
a white precipitate which does not alter on standing. With 
mercuric chloride it behaves like the thion compound. With 
copper sulphate no precipitate is obtained in the cold, but on 
warming a white precipitate separates. Platinimi chloride 
gives no precipitate in dilute solution. 

Isoamyl Thiolcarhamate from Isoamyl Thioncarbamate. — 
Isoamyl thioncarbamate, as prepared in 1853 by M. W. John- 
son * from " binoxysulphocarbonate of amyl " and ammonia was 

* Quart. J. Chem. Soc, y, 142. 



Digitized by VjOOQIC 



THE THIONCARBAMIC ESTERS. 227 

an oil. Our material also was obtained as an oil which re- 
fused to solidify on cooling. When heated (10 g.) with isoamyl 
iodide (5 g.) at 120°-180° for several hours, it was trans- 
formed slowly and less completely than the lower members of 
this series. The product, crystallized from hot water, formed 
extremely large, silver-white plates resembling thin slices of 
mica. It melted at 112*" -113°, while Schdne* says that iso- 
amyl thiolcarbamate forms plates melting at 107°, when 
prepared from the chloride C^HuSCOCl and ammonia. A 
nitrogen determination gave: 

CalcuUitod for v^^a 

H^CO.SObH,,. '°™*- 

N 9.52 9.16 

Isoamyl thiolcarbamate does not differ in properties from 
the other members of the series. With silver nitrate, mercuric 
chloride, copper sulphate, etc., it behaves precisely like isobutyl 
thiolcarbamate. 

Ethyl Thioncarbamate and EthyleneBromide. — When 10 g. 
of the former and 37 g. of the latter were mixed, and 
heated on the steam-bath for three hours, ethyl bromide was 
evolved and, on cooling, a crystalline mass was deposited. 
It was purified by boiling with alcohol and water, which ex- 
tracts ethyl carbamate, and was thus obtained as a crystalline 
powder which was quite difficultly soluble in the ordinary sol- 
vents. It was free from bromine, and a nitrogen determinfi^- 
tion gave the following : 

Galcnbted for v^^^ 

N 15.55 14.99 

Ethyl Bemenestdphinatey C^H^SO.OO^H^y with Methyl and 
Ethyl Iodides. — The following negative experiments were 
performed by Mr. T. B. Johnson, to whom we wish to express 
our thanks. 4 g. of the ethyl ester were heated with 8.6 g. 
of ethyl iodide at 100°-110° for one hour, when no appar- 
ent reaction took place. On further heating, the material 
darkened, but it deposited no crystals when placed in a freez- 

• J. prakt Cbem. [2], xxzii, 247. 
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ing mixture. Heated further for four hours at ISO** -140% con- 
siderable decomposition took place. The material, extracted 
with ether, washed with sodium hydroxide, dried, and evapo- 
rated, gave no solid material. 

Ten g. of the ester were heated with 8.8 g. methyl iodide 
for one hour at 110°-120% then again at 145°-155^. On 
opening the tube there was much pressure and a thick black 
oil resulted. This was extracted with ether and washed with 
sodium hydroxide. On evaporation, 2.5 g. of black oil was 
obtained which refused to solidify, and when heated began 
. to boil at 100^ ; then the temperature rose to 250^, when the 
remaining material charred. Ethyl phenyl sulphone boils un- 
altered above 800°, and melts at 42°. Methyl phenylsulphone 
melts at 88°. 

Nbw Hatxk, May, 1890. 
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RESEARCHES ON SUBSTITUTION: THE ACTION 
OF BROMINE ON METACHLOR-, METABROM-, 
AND METAIODANILINES.* 

[second papeb.] 

Bt H. L. wheeler and WILLIAM VALENTINE. 

The action of meta-substituted anilines with chlorine and 
bromine has been thoroughly investigated only in regard to 
their behavior on saturation. In each case examined it has 
been found that the halogens enter the 2, 4, and 6 positions, 
the meta derivatives behaving, in this respect, precisely Uke 
aniline. 

With this fact at hand, Langer f published the following 
law : ^^ Dass bei weiterer Substitution des Anilins solche Sub- 
stituenten, die zur Amido-gruppe die Metastellung einnehmen, 
gar keinen bemerkbaren Einfluss ausUben und die Zahl der 
neu eintretenden Halogenatome nicht verringem." 

Previously NtJlting, J in calling attention to this similarity 
in behavior, stated : " Ueberhaupt verhalt sich ein bei 8 sub- 
stituirtes Anilin Agentien gegeniiber geiade so wie ein gar 
nicht substituirtes." 

These statements are perfectiy true when applied in the 
sense indicated above, but it appears that, with the exception 
mentioned below, no attempts have been made to determine 
what the first product is, or what the chief products are when 
the free anilines are subjected to less energetic treatment § 
Consequentiy it has not been shown in what order the differ- 

* Amer. Chem. Jour., zzii, No. 4. 

t Ann. Chem. (liebig), ccxy, 107. tBer. d. chem. Ges., yiii, 1098. 

§ Beilstein and Kurbatow thoroughly inyestigated the action of chlorine 
on metachloracetanilide (Ann. Chem. (Liebig), cxcri, 216), but do not mention 
the action of the free base. 
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ent positions 2, 4, and 6 are substituted, and whether or not 
in these intermediate stages any influence of the substituent 
in the meta position is to be observed. 

Owing to the energy with which the aromatic amines are 
attacked by chlorine and bromine, and also on account of the 
formation of by-products, it is customary to moderate the 
action by employing the acetyl derivatives instead of the free 
bases. It has been assumed that this procedure simply pro- 
tects the amino group or moderates the violence of the reaction. 
Whether in the case of meta^ubstituted anilines it exerts any 
other influence in the further substitution than this has not 
been determined, except in the instance described below. In 
the cases where the acetyl derivatives have been employed it 
has been found that the substitution takes place smoothly, 
the halogen entering the position para to the amino group 
and practically without the formation of by-products. In 
order to obtain the higher bromine substitution-products 
the free bases are employed, as, otherwise, the bromination is 
frequently arrested with the formation of the monobrom de- 
rivative, the next step being the formation of perhalides.* 

Since the question whether a substituent in the meta position 
influences the further substitution of the aniline had been 
examined from only one side, one of us investigated the be- 
havior of metanitraniline f with bromine, in glacial acetic acid, 
and found that the nitro group in the meta position exerts not 
only a protective or retarding influence f but also a directing 
influence on the substitution. The chief product formed was 
the sweet-tasting 6-brom-8-nitraniline and not the expected 
4-brom-8-nitraniline, which should result from analogy, or if 
the nitro group exerted no influence. Moreover, it was found 
that acetylmetanitraniline gave, as the chief product, a different 
mono derivative, 4-brom-3-nitmniline, than the free base. 

We have now extended the examination of meta-substituted 

• Wheeler and Walden, Amer. Chem. Jour., xviii, 26; Wheeler, Barnes, 
and Pratt, Ibid,, xix, 672. 

t Ibid., xvii, 697. 

} A fact preyionsly noticed by Michael and Norton (Ber. d. chem. Ges., xi, 
112), in the case of substitution by iodine monocbloride. 



Digitized by VjOOQIC 



RESEARCHES ON SUBSTITUTION. 231 

anilines, and, in this paper, we describe the results of our 
experiments on the influence exerted when the meta substitu- 
ent is a halogen, the bromination being conducted as before in 
a glacial acetic acid solution.* 

N0T17, it might be expected that m-chlor-, ?n-brom-, and 
Tn^iodanilines would behave with bromine under similar con- 
ditions, like ?7^-nitraniline. This, however, is not the case. 
The chief products formed in the case of the Tn^halogen 
anilines have been found to be the para derivatives. For 
example, in the case of m-bromaniline (48 g. with 1 molec- 
ular proportion of bromine) the product obtained in largest 
amount was 3,4-dibromaniline (26 g.) ; next in amount was 
a mixture of 3,4,6-tribromaniline (in larger amount) with 
2,3,4-tribromaniline ; then followed 2,3,4,6-tetrabromaniline, 
from which it follows that the relative tendency of bromine 
to substitute the hydrogen atoms in these compounds may 
be expressed in the terms 4>6>2, the course of the reaction 
proceeding as follows : 

NH, NH, NH. NH, 

\^Br \^Br \^Br \^Br 
Br Br Br 




The bromination of metachlor- and metaiodaniline gave 
similar results, the bromine entering the para position to the 
amino group and forming chiefly a monobrom derivative. 

* Glacial acetic acid has proved in each case to be well eiiited for the 
examination of the lower brominated products. It not only moderates the 
action less than the acetyl compounds, permitting the examination of 
the behavior of the free bases, but also simplifies the purification of the 
products. 
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Each of these cases is therefore an exception to the rule of 
Kehrmann,* i. e.y that the entering substituent generally takes 
the ortho position to the substituent of least molecular 
magnitude. 

From the above it is seen that the nitro group in the meta 
position exerts a different directing influence on the further 
substitution by bromine than that exerted by the halogens ; 
that the course of the reaction or the energy with which 
bromination occurs is in opposite directions aroimd the mole- 
cules previous to the formation of the final 2,4,6-derivative. 

It is well known that the nitro group in nitrobenzene exerts 
a different directing influence on further substitution from 
that exerted by the halogens in chlor-, brom-, and iodbenzene. 
Further substitution in the first case leads to the formation of 
meta derivatives, while in the latter ortho and para compounds 
result. The groups, atoms, or radicals that influence the 
entering substituent to take the ortho or para position have 
been termed by Lellmannf substituents of the first elasa. 
To this class belong the halogens, the alkyl radicals, and the 
groups -NH„ -OH, -CHaR, while the groups -NO„-CO,H, 
— SO»H, etc., which yield meta derivatives on further substi- 
tution, are known as substituents of the second cla%s. 

It is suggested by our work so far that a difference in di- 
recting influence is still retained by these radicals in the 
meta-substituted anilines. That, in general, meta-substituted 
anilines containing substituents of Lellmann's first class will 
be found to give chiefly a 4-halogen derivative, while, on the 
other hand, those with the radicals of the second class, like 
metanitraniline, will give a 6-halogen compound as the chief 
product We intend to continue the investigation of the 
influence exerted on the substitution of anilines by groups in 
the meta position, and we hope, later, to decide the above 
simple questions, which, however, involve considerable work. 

♦ Ber. d. chem. Gee., xxiii, 130. 
t Principien d. Org. Syn these, p. 11. 
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The Bromination of mrCUoraniline. 

When 50 g. of metachloraniline were dissolved in 400 c. c. 
of glacial acetic acid and treated with 62.7 g. of bromine 
(1 molecule) in the form of vapor, by means of a stream of 
dry air, a colorless crystalline precipitate separated. This, 
when dried, weighed 85 g. (precipitate A). It consisted 
mostly of the mono- and dibrom derivatives in the form of 
hydrobromic acid salts.* The monobrom derivative was 
extracted by treating this mixture repeatedly with water 
(solution uS), and, on precipitating with ammonia, 35 g. of 
crude material were obtained, f 

The treatment with water left the di- and a small amount 
of tribrom derivatives undissolved, weight 28 g. (residue CT). 
The glacial acetic acid (solution A) was diluted with about 
three or four times its volume of water, which resulted in the 
precipitation of the rest of the tribrom derivative % (1 g-) '^^ 
practically pure condition (precipitate -D). 

The dilute acetic acid solution was then precipitated with 
strong ammonia, when the unaltered metachloraniline with 
some monobrom derivative was obtained (precipitate J^. 
The method of examining and purifying these 5rude products 
is given below under their separate heads. 

The followii^ calculation, being a check on the above 
weights, confirms the analytical results and the chemical 
behavior of the products: 

Bromine. 



B, 35 g. of monobrom derivative account for . . 27.1 

C 23 g. of dibrom derivative account for • • . 25.8 

2>. 1 g. of tribrom derivative accounts for . . 1.3 

Total 6I2 

That 8.5 g. of bromine are apparently not accounted for is 
due to the fact that the monobrom derivative mixed with un- 

* It also contained the hydrobromic acid salt of unaltered materiaL 

t A loss occurs here, owing to the solubUity of the material in the solutions 

precipitated by ammonia. As this appeared to be chiefly unaltered material, 

it was not recoyered. 

X Some loss is to be expected here, owing to the volume of the solutions. 
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altered wi-chloraniline (precipitate E) is not included in the 
above calculation, and also to the fact that the above are 
weights of crude products and not of perfectly pure material. 

It is to be expected that the loss in the case of metachlor- 
aniline would be greater thsm with metabromaniline, since the 
chlorine compounds are more soluble. This has been found 
to be the case, so that the solubility explains a part of this 
loss. The amount of bromine lost by action on the glacial 
acetic acid is probably very small. Each one of the bromina- 
tions described in this paper has been repeated and the results 
confirmed. 

3-Cfilor'4^romaniline. — The precipitate produced by am- 
monia in solution B was crystallized from dilute alcohol, 
when four- and six-sided colorless plates separated. They 
melted constantly from 67° to 68°, and a determination of the 
halogens shows that this material is a monobrom derivative : 



Cl . . 


OANClBr. 
. . . 17.2 


round. 

17.2 


Br . . 


... 38.7 


38.2 



The structure is shown by the fact that it gives orthochloi^ 
brombenzene with ethyl nitrite, and since it is formed almost 
quantitatively by brominating acetyl-f?i-chloraniline, the bro- 
mine as usual taking the position para to the acetyl group. 

The hydrochloride^ prepared by passing hydrochloric acid 
gas into the alcoholic solution of the base, crystallizes in col- 
orless needles. A hydrochloric acid determination gave : 



Calculated for 



xoqimL 



CeHsNClBr.HCL 

HCl .... 15.0 14.6 

It is readily soluble in water, less readily in alcohol, and in- 
soluble in benzene. It blackens when heated to about 210°. 

The sulphate is obtained in the form of colorless plates 
when the base is treated with dilute sulphuric acid. A sul- 
phuric acid determination gave : 



Calculafced for 
(GeHeNClBr)A80«. 



Pound. 

H,S04 .... 19.2 19.6 
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The picrate is obtained as a precipitate by adding an alco- 
holic solution of picric acid to a solution of tiie base. It crys- 
tallizes in yellow needles which melt at 141*". A nitrogen 
determination gave the following result: 

Calculated for iiu„«^ 

CANCIBr.CeHaNsOY. roaao. 

N 12.9 12.7 

l^Ohlorbrowiemene. — 6 g. of the precipitate produced 
by ammonia in solution B were treated with an excess of 
ethyl nitrite in the presence of a little concentrated hydro- 
chloric acid. After warming, the material was taken up in 
ether, washed, dried, and distilled, when 4.5 g. of colorless 
oil were obtained, boiling from 200° to 210°. On redistilling 
at 772 mm. pressure it all boiled from 201° to 204°. It refused 
to solidify. p-Chlorbrombenzene is a solid melting at 67.4°, 
while the boiling-points of ortho-, meta-, and parachlorbrom- 
benzene are given by Dobbie and Marsden* at 204°, 196°, and 
196.8°, respectively. Our material is therefore orthochlor- 
brombenzene. 

Nitration of l^S-OMorbrombemene. — In order further to 
characterize orthochlorbrombenzene we have examined its be- 
havior towards nitric acid. 2 to 8 g. of orthochlorbrom- 
benzene were dissolved in fuming nitric acid and warmed. 
Water was then added, and the precipitated material, crys- 
tallized from 75 per cent alcohol, gave colorless needles melt- 
ing from 49° to 60°. Three crystallizations did not alter the 
melting-point.t A nitrogen determination gave: 

Calculated for vu„,wi 

CeH,BrO,ClBr. '°'»^ 

N 5.9 6.3 

The structure CflHeN02ClBr,l,4,3, is assigned to this com- 
pound, because on reduction it did not give 8-chlor-4-brom- 
aniline, melting at 67°, but a base melting at 76°, after 
repeated crystallizations. Since, in general, tiie tendency of 

♦ J. Chem. Soc., 1888, 266. 

t The true melting-point of 3-brom-4-chlomitrobenzene is probably 60^, the 
aboTe material being mixed with some 3-chlor-4-bromnitrobenzene. 
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ortho compounds, on nitration, is to form an unsymmetrical 
in preference to a vicinal derivative, it follows tiiat this is 
in all probability ^-^hlor-MromanUine. It was not further 
examined. 

3'Ohlarn4^ronirifi'dinitraniUne. — 8 g. of 8-chlor-4-brom- 
aniline were heated on the steam-bath with concentrated 
nitric acid. In a few minutes reaction set in with evolution 
of red fumes. After this was over the solution was diluted 
with water and the precipitate crystallized from absolute alco- 
hol, in which it is difficultly soluble, when it was obtained in 
the form of dark-yellow prisms, melting from 169** to 170"*. A 
nitrogen determination gave: 

Oaloulatod for »». j 

CeH,NsO«01Br. iroiimL 

N 14.2 14.7 

S-Chlor-^^romaeetanilide. — 50 g. of metachloracetanilide 
were dissolved in glacial acetic acid, the calculated quantity 
of bromine was added, and the mixture allowed to stand a few 
minutes. Water was then added, and the precipitate was 
crystallized from 50 per cent acetic acid, when it was found 
to melt sharply at 125° ; yield 70 g., calculated 78 g. A 
nitrogen determination gave: 

Oalcolated for «u»«4 

CANOClBr. '*>°^- 

N 5.6 5.7 

The acetyl group is easily removed from this by boiling the 
alcoholic solution with a littie concentrated hydrochloric acid. 
This gives the hydrochloride of a base which latter is iden- 
tical in every respect with the monobrom compound formed 
on brominating m-chloraniline. 

S-Chlor'^-^hrom-S-nitroacetanilide. — One part of 8-chlor-4- 
bromacetanilide is dissolved in 3 parts of cold nitric acid (sp. 
gr. 1.52) and the solution is allowed to stand for a few min- 
utes. It is then poured into ic^water, and the precipitate, 
crystallized from absolute alcohol, gives colorless, flattened 
prisms or plates. These melt from 129° to 130°. Yield 7 g. 
from 5 g. acetyl compound. A nitrogen determination gave : 
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OaloQlfttod for ir . i 

N 9.6 9.3 



3'ChIor'4^om-S'nitranUine. — 5 g. of the above substance 
were boiled with alcohol containing some concentrated hydro- 
chloric acid, when crystalline material began to separate. 
Water then precipitated the base completely, ammonia giving 
no precipitate in the filtrate, as the substance is too weakly 
basic to form a salt under these conditions. It crystallizes 
from alcohol in long yellow needle-Uke prisms which melt 
from 202"^ to 208^. A nitrogen determination gave: 



Caloolitad for 



Idandi 



OANtOtClBr. 
N 11.1 11.0 

^-Chlor^Siromnitrobenzene. — From 2 to 8 g. of the above 
compound were treated with nitrous acid in alcohol. The 
material after this treatment was crystallized from alcohol, 
when light-yellow needles melting at 60^ were obtained. 

^-CffUorS-iromaniline. — On reducing the above 4-chlor-8- 
bronmitrobenzene with tin and hydrochloric acid, a product 
identical with the base obtained from the nitration of 1,2- 
chlorbrombenzene should result. ' This being the case, the 
structure of this and the four preceding compounds is proved. 
In fact, a base was obtained which appears to be identical 
with that described under the head of the nitration of 1,2- 
chlorbrombenzene. The crude product melted at TS'', but on 
further crystallizing it was obtained in the form of colorless, 
shining plates, which melted at TS"" . A nitrogen determination 
gave: 

Oalenlated f or vm.-;i 

CANOlBr. FOBDO. 

N 6.8 6.6 

3'Chlar'4fi'dihromanil%ne. — Residue B (see above), after 
being treated thoroughly with water, was crystallized from 
alcohol, when thin, colorless plates were obtained, melting 
from 79'' to 80^. A halogen determination gave: 
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Found. 



OalonUted for 
OANOlBr,. 

CI 12.4 12.4 

Br 66.0 65.9 

S-Cfhlor'Sy^^S-tribromanUine. — On crystallizing precipitate 
C (see above) from alcohol this compound was obtained. It 
had all the properties described by Langer.* 

The Bromination of rnrBramanUine. 

In one experiment 43 g. of metabromaniline were dissolved 
in 850 c. c. of glacial acetic acid, and 40 g. of bromine (1 mole- 
cule) added as described in the previous case. The precipitate 
produced (-4.) weighed 90 g. The soluble hydrobromides 
removed by water and precipitated by ammonia (-B) weighed 
26 g. The residue (C) weighed 16 g. The precipitate (2>) 
produced by water in the glacial acid solution weighed 1 g,, 
and on filtering from this and adding ammonia practically 
nothing but unaltered material was found. 

The results are checked by the following calculation : 

Bromine. 
OnunB. 

B. 26 g. of dibrom derivative account for . . . 17.7 
C7. 16 g. of tribrom derivative account for . . . 15.5 
D. 1 g. of tetrabrom derivative accounts for . 1.1 

Total 34J 

This gives 5.7 g. of bromine not accounted for. It is to be 
explained in the same manner as the loss in the case of the 
previous bromination. 

3y4^IHbromaniline. — The precipitate by ammonia (5), after 
two crystallizations from 50 per cent alcohol, melted from 80° 
to 81®. It had all the properties of the base produced by 
reducing 8,4-dibromnitrobenzene.t 

The picrate was obtained by mixing alcoholic solutions of 
the constituents. The product crystallized from water gave 
yellow needles, melting at 149**. A nitrogen determination 
gave: 

• Loc. cit. t Korner, Jahresb., 1875, 311. 
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OsloDlatod for *w.«^ 

C,H,NBr,.CeH,N,0,. '<*"»«• 

N 11.66 11.7 

The hydrochloride crystallizes from dilute hydrochloric acid 
in colorless prisms which decompose when heated from 220° 
to 280**. A hydrochloric acid determination gave : 

Calculated for -. . 

OaHgNBrt^Gl. Jround. 

HCl 12.7 12.7 

The sulphate crystallizes in colorless plates. 

Calculated for -,„,, 

(CANBp^.H.80*. '^'""^ 

H,S04 .... 16.3 16.5 

Sy4'Dibromacetanilide. — This has recently been prepared * 
by brominating metabromacetanilide. We have prepared it 
in this way, and also by acetylating pi-ecipitate JB. It crys- 
tallizes in slender prisms melting at 128°, as stated by 
KOmer. 

3y4fi-Tr%bromaniline. — When residue (see above) was 
crystallized from alcohol, colorless needles were obtained 
which melted from 116° to 116°. This proved to be 2,3,4,6- 
tetrabromaniline. In order to separate this from the tribrom- 
anilines the material was taken up in dry ether and hydro- 
chloric acid gas passed in. This produced a precipitate of 
the hydrochloric acid salts of the tribromanilines, while the 
tetrabromaniline remained in solution. The precipitate was 
treated with ammonia and repeatedly crystallized from alco- 
hol, when it melted from 84^ to 89°. It being still impure, it 
was converted into the acetyl compound. This, on repeated 
crystallization from alcohol, melted at 188°-189''; on now 
removing the acetyl group, the free base melted sharply at 
SS^'-Se^. A bromine determination in the product melting 
at 84°-89° gave : 

Caloalated for v/»n4 

Q,H«NBra. '°°°^ 

Br 72.7 72.2 

* K3mer, BuU. 8oc. Chim. (Paris), 1806, 1047. 
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liS^rTnbrombenzene. — In order to determine the structure 
of the above tribromaniline, 1 g. was treated with nitrous acid 
in alcoholic solution, when a small amount of fine, colorless 
needles were obtained ; these melted from 44** to 45**, and were 
undoubtedly 1,8,4-tribrombenzene, which forms needles and 
melts at 44''. The above base, melting at 85°-86% is, there- 
fore, 8,4,6-tribromaniline. 

3y4i6-Tribroinacetanilide is therefore the compound crystal- 
lizing in colorless needles and melting from 188^ to 189**, as 
mentioned above. This same compound and the correspond- 
ing base were also prepared in the following manner : p-Dx" 
brombenzene was nitrated and the product reduced; this 
gave 8,6-dibromaniline, which melted from 61*^ to 52^, and 
agreed in properties with Meyer and Stuber's ^ description, 
except that, when sufficiently purified, it does not have the 
odor of a-naphthylamine. On acetylating, 8,6-dibroniacetani- 
lide was obtained. 

Sfi-Dibromacetanilide^ on crystallizing from alcohol, was 
found to melt from 171** to 172**, and a nitrogen determination 
gave: 

Caleulatod for v<i««ii 

GANOBrr '^<*™*- 

N 4.8 4.8 

S^fi-THbramaeetanilide. — The above acetyl compound was 
dissolved in glacial acetic acid and treated with 1 molecular 
proportion of bromine, when a product was obtained which 
crystallized from alcohol in colorless needles and melted from 
188® to 189°. This is identical in every respect with the 
acetyl compound obtained from residue (7. A nitrogen deter- 
mination gave : 

Oalculated for wm»ji 

CANOBrg. '*"™^ 

N 3.9 a8 

Here again the different influence of groups in the meta 
position is to be noticed. The above 8,6-dibromacetanilide 
is readily attacked by bromine, while 8-nitro-6-bromacetanilide 
can be crystallized unaltered from pure bromine. 

* Ann. Chem. (liebig), clxr, 180. 
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IjS^T^ribrombenzene. — In another experiment the crude 
product, (7, after removal of 2,8,496-tetiabrombenzene, was 
treated directly with nitrous acid, in alcohol, in the presence 
of hydrochloric acid.^ On distilling with steam an oil was 
obtained which, after solidification and crystallization from 
alcohol, was obtained in the form of colorless plates. These 
had the odor of the brombenzenes and melted at 85^. Komer f 
gives the melting-point of 1,2,3-tribrombenzene as 87.4^. 

It follows, therefore, that the residue O consists of 3,4,6- 
tribromaniline (isolated), 2,3,4-tribromaniline (not isolated), 
and 2,3,4,6-tetrabromaniline (isolated). 

2J3^^6'Tetrabr<mbemene. — The precipitate D was found to 
consist entirely of this. It forms colorless needles, melting 
from 115*^ to 116°, as described by KOmer. J 

The Bramination of m^IodanUine* 

In one experiment 58 g. of i»-iodaniline were dissolved in 
400 c. c. of glacial acetic acid, and 89 g. of bromine were added 
in the form of vapor. This produced a crystalline precip- 
itate weighing 88 g. (A). The material obtained by extracting 
this with water and precipitating with ammonia (precipitate 
5) weighed 86 g. The residue weighed 80 g., and the pre- 
cipitate i>, produced by water in the glacial acetic acid solu- 
tion, weighed 1 g. Ammonia added to the filtrate from this 
gave unaltered material. Checking these weights now by the 
following calculation, we find that: 

BromiiM* 
Onnu. 

B. 35 g. of monobrom derivative acoount for . . 18.7 

(7. 30 g. of dibrom derivative account for . . • 25.4 

Z>. 1 g. of tribrom deri7ative accounts for . . 1.0 

Total 45.1 

* These tribromaniUnes hare a great tendency to form orange-colored 
precipitates (diazoamidobensenes?) which are decomposed with difficulty bj 
nitrons add. 

t Gan. chim. ital., ir, 406. 

I Loc. dt. 

VOL. II. — 16 
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This gives an excess of 6.1 g. of bromine. The error lies 
chiefly in the assumption that B consists entirely of mono- 
brom derivative. As it was not free from oil, it must have 
contained unaltered material which, calculated as monobrom 
derivative, explains this excess. 

3'Iod'4-^omantltne. — Precipitate B was crystallized from 
alcohol, when it was obtained in the form of colorless plates, 
melting at 77^. A bromine and iodine determination gave the 
following: 

OftlovJated for «u«.^ 

C,H«NBrL '""^ 

Br 26.8 27.3 

I 42.6 42.3 

We proved the structure of this compound in the following 
manner: 2.5 g. of 6-brom-S-nitraniline (which gives p-brom- 
nitrobenzene with ethyl nitrite) were diazotized, and the amino 
group replaced by iodine by means of potassium iodide. The 
S-iod-^-hromnitrobemene thus produced crystallized from alco- 
hol in four- and six-sided tables, which melt at 95''-96'', and 
on reduction the material gave a base melting at 77° and hav- 
ing aU the properties of the compound obtained by brominating 
9n-iodaniline. 

The hydrochloride was made by passing hydrogen chloride 
into the benzene solution of the base. It crystallizes from 
alcohol in long, slender, colorless needles, which decompose 
when heated at about 210^. A determination of the hydro* 
chloric acid gave: 

CaleaUted for *Mnwi 

CeHsNBrLHGL rouBO, 

HCl 10.9 10.6 

The 9ulphate crystallizes in colorless plates from dilute 
sulphuric acid. 

Calculated for w/w^ut 

(CeHaNBrI)»H,804. '*'™^ 

H,S04 .... 14.1 14.2 

The picrate crystallizes from water in yellow needles, which 
melt from 158"* to 159''. A nitrogen determination gave : 
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Oalenlftted for VM«t4 

OoH,NBrLCeH,NA- ^^^ 

N 10.6 10.9 

S-IocUf^omaeetanUide was prepared by acetylating the above 
base in the usual way. On ciystallizing from alcohol it melted 
from 188** to 189**. A nitrogen determination gave : 

C*lCTl*tedfor ,^^ 

OANOBrL xffwa. 

N 4.1 4.2 

3-lodr4fi'dihromaniUne. — The residue (7, which was insolu- 
ble in water, on repeated crystallizations from alcohol, sepa- 
rated in the form of long, colorless prisms, melting at 81**. A 
bromine and iodine determination gave : 

Calculated for vnmui 

Br 42.4 42.6 

1 33.7 33.6 

S-Iod-2y4.y64ribr(ynum%line. — The precipitate 2>, produced by 
adding water to the glacial acetic acid solution, was crystal- 
lized from alcohol, when minute colorless prisms or plates 
were obtained, melting at 115''-116*'. A bromine and iodine 
determination gave: 

Oalenlaitod for v^».«4 

C«H,NBr.L '^""^ 

Br 52.6 52.3 

I 27.8 27.8 

Nbw Hatbk, Jane, 1899. 
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ON THE REARRANGEMENT OF IMIDO-ESTERS.* 

[second paper.] 
Bt henrt l. wheeleb. 

As described in ourf first paper on this subject, we had occa- 
sion to prepare phenylformimidoethyl ester, and, instead of 
following the usual method | of treating silver formanilide 
with ethyl iodide at low temperatures, we heated the materials 
in a closed tube to 100^. We thereupon unexpectedly obtained 
a rearrangement of phenylformimidoethyl ester into the iso- 
meric ethyl amlide:§ 

^NCsH. >^NCeH, y^<c'n 

HCf -> HCf -> HCC ^"^• 

\OAg ^OCaH, ^O 

This was confirmed by the fact that benzimidoethyl ester 
gave ethylbenzamide when heated with ethyl iodide. We 
stated that we hoped to reserve the further examination of 
this rearrangement for this laboratory. 

On the publication of these results Professor Knorr called 
our attention to his work along similar lines in the case of the 
cycloimido esters. He had previously shown that the oxygen 
esters of the o^uinolones || are converted by methyl iodide 

* Amer. Chem. Jour., xxiii. No. 2. 

t Wheeler and Johnson, Amer. Chem. Jour., xxi, 18S. 

I Comstock, Amer. CheuL Jour., xiii, 514. 

§ The prediction of Freer and Sherman in regard to this salt is now com- 
pletely fulfilled, t. e., " With suitable alkjl or acyl halldes and alteration of 
conditions, it will probably be possible to procure both 0x7 and nitrogen 
deriTatives from the silrer salt" (Amer. Chem. Jour., xviii, 571.) In Amer. 
Chem. Jour., xviii, 881, Wheeler and Boltwood showed that this salt gives in 
fact benzoylformaniUde, a nitrogen deriyatire. with benzoyl chloride. 

II Bei. d. chem. Ges., xxx, 029. 
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"langsam schon in der Kalte, rasch und voUstandig in der 
Warme, in die Stickstoff-Methylester." Thus, ethoxyquino- 
line is converted into methylquinolone: 



+ ICHa = IC,H5 + 



He also found that the oxygen methyl and ethyl esters of 
oxy-T-lepidine behaved in a similar manner. He showed that 
this reaction in the case of 7-methoxyquinaldine * takes place 
first by addition; and that this intermediate product then 
when heated to 200° gives the nitrogen derivative. Again, 
along with E. Fertig,t he found that a-phenyl-7-methoxy- 
quinoline was converted directly into the isomeric derivative 
with methyl iodide, and finally he stated: "Ich hoffe bald 
weitere Mittheilung machen zu kbnnen, ob sich ganz allge- 
mein die Imidoather R'N:CR"OR'" durch Jodmethyl in 
Amide secundfirer Basen, CH»R'NCR"0 iiberfUhren kssen." 

In view, however, of the work already done in this labora- 
tory, and, since I informed Professor Knorr of my desire to 
publish the work of my students, which was finished at the 
time our first publication appeared, Professor Knorr kindly 
gave over the entire field to me. 

I wish to take advantage of this occasion to thank him for 
his kindness and also to refer to other work bearing on the 
rearrangement of the imido-esters. 

In the year 1885 Ponomarew J found that by treating silver 
cyanurate with alkyl iodides, at low temperatures, the oxygen 
esters result, while at higher temperatures the nitrogen esters 
are the chief products. 

In 1886 Hofmann § showed that the oxygen methyl ester of 
cyanuric acid is transformed into the nitrogen ester simply by 
heating. 

• Ber. d. chem. Oes., zxx, 024, 926. t tbid., xzx, 037. 

X Ibid., XTiii, 8271. { Ibid., xiz. 2061. 
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In 1891 Andieocci * found that when phenylpyrodiazolon 
or phenyhnethylpyrodiazolon is methylated, and then treated 
with methyl iodide, similar results are obtained, and that the 
oxygen methyl compounds, when heated to 200^, are also 
transformed into the nitrogen compounds. 

All the above are examples of the rearrangement of cyclo- 
imido esters. The transformation of benzimidochlorethyl ester 
into /3-chlorethylbenzamide, under the influence of heat alone, 
as described by Gabriel and Neumann, f is especially interest- 
ing, and, outside of our work, this appears to be the only 
known example of a rearrangement taking place in the acyclic 

series4 

In the cycloimido ester series N-alkyl derivatiyes have fre- 
quently been obtained from silver salts, but particularly at 
higher temperatures. This has notably been the case in the 
uric acid group in Fischer's inve8tigations.§ Since, how- 
ever, the silver salt of hydroxycaffeln gives with ethyl iodide 
chiefly ethoxycaffein, he concludes that the former substance 
does not have the grouping — CO— NH, but — COH=N— . In 
this case he also noticed the formation of some tetramethyl- 
uric acid. 

We find that the imido-esters of Pinner react slowly, even at 
ordinary temperatures with methyl and ethyl iodides giving 
alkyl amides. In the case of the benzimido^sters benzamide 
and benzonitril invariably accompany the alkyl amide. In 
the lower-boiling portions of the reaction-product the presence, 
in small amount, of a substance that gave off an amine odor 
on distilling was also observed. 

With isobutyl iodide the chief products were benzamide 
and isobutylene : 



• Ber. d. chem. G€§., xxir, R, 203. f Ibid., xxv, \ 

X I wish to express my thanks to Professor Gabriel for calling my atten- 
tion to this work. In a private communication from Dr. StiegUtz the follow- 
ing was mentioned : " I intended calling yonr attention to Knorr's paper in 
the Berichte, 1807, pp. 020-883. At the time when this came out I was heat- 
ing ethyl imidobentfoate in a sealed tube at lOO^' with ethyl iodide, but did 
not go on with the action on account of Knorr's resenration." 
S Ber. d. chem. Ges., zxx, 660. 
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C4H.I = CA + HI, 
and CeH,C(NH)0C4H» + HI = CHsCCNH, + C4H^ 

In general, however, the chief reaction of methyl and ethyl 
iodides is as follows : 

/yWB. .NHCH, 

CeH,C< + CH,I = CeHsC^ + C4H,L 

OC,H. ^0 

In the case of the action of ethyl iodide on benzimidoethyl 
ester, diethylbenzamide was sought for, but no evidence of its 
presence was observed. 

Besides others there are, therefore, three principal reactions 
that take place when the acyclic imido-esters are treated with 
the lower alkyl iodides : 

a. A transference of alkyl group from oxygen to nitrogen. 

6. The formation of hydrogen iodide which with unaltered 
imido-ester gives a primary amide (benzamide). 

c. A decomposition of the imido-ester into nitril and alcohoL 

Experiments with Bermmido^sterH* 

Bejizimidomethylester and methyl iodide readily react at 
ordinary temperature. 30 g. of the imido-ester were allowed 
to stand for a month with 16 g. of methyl iodide (0.5 mole- 
cule) ; in a short time crystals separated, which finally devel- 
oped into weU-crystallized, flattened prisms. This material 
proved to be benzamide containing a small amount of cyan- 
phenin, and it weighed 8.5 g. The oil filtered from this was 
distilled at 13-12 mm. pressure {A below). 

For comparison, 20 g. of the ester were heated to about 
100** for five and a half hours with 1 g. of methyl iodide. 
On cooling, crystals separated but were npt filtered off, the 
whole being distilled at 9-12 nun. pressure, when the follow- 
ing fractions were obtained {B) : 

* The imido-esters in the following experiments were ftll freshly distilled. 
Under diminished pressure they boil unaltered without exception. 
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A. B, 





a. 




e. 


(1) below 159» 


3.4 


(1) below 166° 


2.9 


(2) 169''-169'' 


9.8 


(2) 166<'-165° 


7.9 


(3) 169°-174"' 


11.5 


(3) 166°-168<' 


7.7 



The first portions, in both cases, consisted chiefly of 
benzonitril. 

The second portions did not solidify on standing or when 
cooled in a freezing-mixture. When distilled at 760 mm. pres- 
sure, B (2), for example, began to boil at 276®, and a strong 
odor of amine and benzonilail was given off. The material 
had no constant boiling-point, but distilled steadily up to 291**, 
when the distillation was stopped and the residue (the greater 
portion) was cooled. It then solidified and, when crystallized 
from a small amount of alcohol, gave colorless flattened prisms 
melting at 82®. This material had all the properties of 
methylbenzamide (see below). 

The third fractions in both cases readily solidified and were 
crystallized from water. A (8) gave squai^ tables of methyl- 
benzamide, while B (3), from which benzamide was not re- 
moved by filtration, gave a mass of plates melting at 128®, 
t. g., benzamide.* 

The products identified in these reactions are, therefore, 
methylbenzamide, benzamide, benzonitril, and a trace of 
cyanphenin. 

From the above it appears that the action of methyl iodide 
on benzimidomethyl ester is the same at 100® as at ordinary 
temperatures, and that a small amount of methyl iodide pro- 
duces practically the same result in this reaction as a large 
amount. 

Benzimidoethyl Ester and Ethyl Iodide. — In the previous 

* In describing benzimidomethyl ester (Amer. Chem. Jour., xvii, S98), 
the author stated that this ester, on standing, deposits benzamide. It is now 
known that this result was due to the presence of methyl iodide, since the 
pure ester prepared by Pinner's method does not deposit benzamide on stand- 
ing. Dains (J. Am. Chem. Soc, xxi, 166), in his work on the isoureas, quotes 
this supposed behayior in his comparisons. Benzimidomethyl ester, when 
pure, is quite stable. 
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paper the ester was heated with ethyl iodide, while the follow- 
ing is a description of the action at ordinary temperatures : 
49 g. of the ester were mixed with 52 g. of ethyl iodide 
and allowed to stand for a month. At the end of this time 
5.2 g. of beautifully crystallized cyanphenin separated. It 
melted sharply from 280^ to 231°. The filtrate from this was 
distilled at 778 mm. pressure, when 61.7 g. of crude ethyl 
iodide were recovered (below 185°). After the ethyl iodide 
was over, the material began to distil at 185'', when, up to 
278°, 2 g. of fishy-smelling oil were obtained, mostly benzo- 
nitril. From 278° to 298° 10.8 g. of oil were collected, while 
from 298° to 300° the remainder practically all came over. 
This weighed 28.5 g. and when crystallized once from dilute 
alcohol it separated in small flattened prisms and melted from 
69° to 70°, this material being pure ethylbenzamide. 

A search was made for diethylbenzamide in the portion 
boiling from 278° to 293°, it having been found that this sub- 
stance boils at 282°. For this purpose the fraction was cooled 
in a freezing-mixture, and considerable ethylbenzamide was 
then removed by filtering. The filtrate, when distilled at 768 
mm. pressure, gave a few drops of fishy-smeUing oil below 
200° ; then up to 290° no definite boiling-point was observed, 
the mercury in the thermometer not stopping an instant at the 
boiling-point of diethylbenzamide. From the lower-boiling 
portion of this fraction benzonitril was obtained ; the higher 
consisted mostly of benzamide. 

The chief products of this reaction are, therefore, ethyl- 
benzamide, benzamide, benzonitril, and cyanphenin. 

IHethf/lbemamide was prepared from 6 g. of diethylamine 
by means of the Baumann-Schotten reaction. It was obtained 
as a clear, colorless oil that became thick, but did not solidify 
at -25°. It boUed from 282° to 288° at 763 mm. pressure, 
and agreed in properties with the products obtained by Kall- 
mann* and by Romburgh.f It is less soluble in warm water 
than in cold. 

• Ber. d. chem. Gee., iz, 846. 

t Recneil d. TntTauz chim. d. Pays-Bas., ir, 887. 
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An experiment to determine whether benzonitril, ethyl 
iodide, and ethyl alcohol react under the above conditions 
was performed as follows: 10.5 g. of benzonitril were mixed 
with alcohol and ethyl iodide in molecular proportions and 
the mixture heated from lOO"" to 115^ for nine hours. On 
opening the tube there was no pressure, and, on distilling at 
about 10 nmi. pressure, the entire material boiled from 71° to 
72° (benzonitril), except a few drops of black tar which 
remained in the residue. No benzamide or ethylbenzamide 
was formed. 

Benzimidoisobutifl Ester and Methyl Iodide* — 30 g. of 
the ester were heated with a little over one molecular pro- 
portion of methyl iodide from 80° to 116° for four hours. On 
cooling, an oil was obtained containing some crystals in sus- 
pension. They were filtered and consisted of cyanphenin 
and benzamide (separated by boiling water). The oil was 
distilled at 765 mm. pressure, when the portion boiling below 
160° was collected. It weighed 24 g., while the calculated 
yield of isobutyl iodide is 31 g. On redistilling, it boiled 
mostly from 121° to 121.6°, and proved to be pure isobutyl 
iodide. 

The residue boiling above 160° was then distilled at 18-19 
mm. pressure, when three fractions were obtained: (1) 98°- 
172° (benzonitril); (2) 172°-177° ; (3) 177°-187°. The last 
portion readily solidified; the second deposited crystals on 
standing. On crystallizing the material from alcohol, prisms 
were obtained melting at 82°. Romburgh gives 78° as the 
melting-point of methylbenzamide. That the material is 
methylbenzamide is shown by its properties and the follow- 
ing nitrogen determination: 

^^;??S^'" Found. 

N 10.37 10.40 

The most striking property of the alkylbenzamides is the 
behavior of their saturated aqueous solutions. When these 
are warmed they become turbid in consequence of the separa- 
tion of the amides in the form of oils. This turbidity dis- 
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appears again on warming to boiling, and on again cooling, 
this behavior is reversed. 

Bemimidauobutyl JSster and Isohutyl Iodide. — 80 g, of 
the former were heated from 165° to 186** for several hours. 
On cooling and opening the tube considerable inflammable 
gas escaped. It was concluded from its odor that this was 
isobutylene. On distilling, 21 g. of isobutyl iodide were 
recovered. The remaining material was distilled at IS mm. 
pressure, when benzonitril and benzamide were the chief 
products. The higher-boiling portion was crystallized from 
water, when it melted from 126^ to 127^ and a nitrogen deter- 
mination gave: 

N 11.57 11J22 

Isobutt/lbenzamide. — This was prepared from 6 g. of iso- 
butylamine by the Baumann-Schotten method. The material 
thus prepared boiled from 178** to 178® at 18 mm. pressure, and 
at 808°-818'*, with slight decomposition, at 760 mm. pressure. 
The oil thus obtained solidified to a beautiful crystalline mass, 
which was crystallized from alcohol with the aid of a freez- 
ing-mixture. It then melted at from 57° to 58**. A nitrogen 
determination gave: 

Calmlatod for vwmwA 

0„H„NO. ^^"^ 

N 7.91 8.19 

Isobulylbenzamide forms chiselnshaped prisms, and is diffi- 
cultly soluble in water and petroleum ether, readily in ether, 
chloroform, and alcohol. 

Benzimidoeihyl ester and isobutyl iodide did not act smoothly. 
The products obtained were benzamide, benzonitril, cyan- 
phenin, ethyl and isobutyl benzamides, and a substance, in 
too small amount for identification, which, after crystalliza- 
tion from alcohol separated in colorless, stout crystals, which 
melted at 192** with effervescence. 
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Experiments with Phenylacetimido-estebs. 

Bt treat B. JOHNSON. 

PhenylaceUmidomethyl EbUt and Methyl Iodide. — (1) 20 g. 
of phenylacetimidomethyl ester wei^ heated with 9.5 g. of 
methyl iodide (1 molecule of ester to 0.5 molecule of 
iodide) for an hour from 95® to 105**. The product was then 
diluted with ether and the precipitated material filtered off. 
This proved to be phenylacetamide, and weighed 2.2 g. The 
ether solution was evaporated and the oil distilled at 25-28 mm. 
pressure. The first fraction was collected from 115° to 
187**. This weighed 4.2 g. and consisted mostly of phenyl- 
acetonitril. The second fraction was collected from 187'' to 
197**. This weighed 6 g., and was crude methylphenylacet- 
amide containing phenykcetamide. On crystallizing it from 
benzene and ligroln it melted at 147°, and on recrystallizing 
it from water it melted from 154° to 155° (the melting-point 
of phenylacetamide). If, however, the higher-boiling frac- 
tions are crystallized from alcohol by means of a freezing- 
mixture, methylphenylacetamide is obtained. 

(2) For comparison, 20 g. of phenylacetimidomethyl ester 
were again heated, this time with only 0.6 g. of methyl 
iodide for six hours to the same temperature as before. The 
residue left by ether (phenylacetamide) weighed 2.7 g. On 
distilling the remainder at 27 mm. pressure the first fraction, 
boiling between 110° and 187°, weighed 4.8 g. ; the second 
fraction, 187°-197°, weighed 5.5 g. 

(3) In another experiment 80 g. of the ester were heated 
with 14.2 g. of methyl iodide, for six hours, from 100° to 110°. 
In this case the phenylacetamide weighed 3.6 g. The first 
fraction of the oil distilled at about 20 mm. pressure, boiled 
at from 110° to 180° (mostly 110°-130°), and weighed 8.4 g. ; 
the second fraction (184°-190° at 18 mm. pressure) weighed 
10.5 g. This latter was combined with the second fraction 
obtained in our second experiment and redistilled at 19 mm. 
pressure, when the greater portion boiled from 179° to 184°, 
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leaving little or no residue. Tins distillate leadily solidified, 
and, when ciystallized from alcohol, finally melted from 
54'^ to 57° (the melting-point of methylphenylacetamide is 
given by Taveme* as 68**). 

A nitrogen determination in this material gave : 

Calculated for v^.^ 

CAGH.GONHCH.. rcmuL 

N 9.39 9.14 

The substance formed in chief amount in these reactions is, 
therefore, methylphenylacetamide. 

In order to simplify the compariBon, the above results are 
given in the following table : 

Weiffhtof WeiffhtoC «. Wejghtol __y2!f'**5' Sooondnacfeioiu. 



(b) ie) («) 

(1) 20 9.5 Ihr. 2.2 4.2 6.0 

(2) 20 0.6 6hr8. 2.7 4.8 5.5 

(3) 30 142 ehrs. 3.6 8.4 10.5 

From this it is evident that in this rearrangement the same 
result is obtained whether a little (0.6 g.) or a large amount 
(9.5 g.) of alkyl iodide is used. The close agreement of 
experiments (1) and (2) under widely different conditions 
suggests that there is some definite relation between the 
three principal reactions mentioned in the introduction. The 
columns (a, J, (?) show roughly to what extent these three 
reactions take place. In estimating this, however, it must be 
remembered that the total weight of phenylacetamide is low 
according to column {b); that the weight of nitril includes 
some phenyl- and some methylphenylacetamide; and that 
column (a) represents a mixture of the latter two substances. 

Phmylacdimidoeihyl JEster and Ethyl Iodide. — 20 g. of 
the ester were heated at 100** -106° with 19.1 g. of iodide for 
six hours. On cooling, the tube contained a thick red oil, 
together with some plates. The contents of the tube were 
extracted with ether, and the insoluble residue, after being 

* Recueil d. Trayauz chlm. d. Pays-Bas., xri, 35. 
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ciystallized fiom water, melted from 158^ to 154^ ; this was 
pure phenylacetamide. The ether was then evaporated and 
the remaining oil was distilled at 18 nmi. pressure. The first 
fraction, collected below 178°, proved to be chiefly phenyl- 
acetonitriL The second fraction, collected from 188'' to 198"^ 
at 17 muL pressure, was obtained as a thick oil which soon 
solidified in a beezing-mixture. This, when ciystallized 
twice from water, separated in the form of colorless plates 
melting from 78^ to 74°. A nitrogen determination shows 
that this material is ethylphenylacetamide : 

Caloobtodfor «u.»ji 

CACH^ONHGA* «»«• 

N 8.58 8.45 

In this rearrangement, in certain cases, some high-boiling 
material was formed, but this decomposition-product was not 
examined. 

(2) 84.8 g. of phenylacetimidoethyl ester were heated with 

88.8 g. of ethyl iodide (1 molecule of ester to 1 molecule of 
iodide) for six hours from 96° to 106°. The amount of phe- 
nylacetamide then obtained, on proceeding as above, weighed 
2.6 g., and the amount of crude ethylphenylacetamide weighed 

10.9 g., the remainder being phenylacetonitril and some high- 
boiling residue. 

(8) In another experiment 20 g. of the ester were heated to 
100°-110° for six hours with 19.1 g. of ethyl iodide, when the 
amount of amide isolated weighed 1.8 g., and the amount of 
crude ethylamide weighed 6.2 g. 

In aU of the above experiments the first fractions were 
tested for unaltered imido-ester by mixing a portion with ben- 
zene, and passing in dry hydrogen chloride, when no precipi- 
tate was produced; hence in each case the imido-ester had 
entered into reaction completely. 



Digitized by VjOOQIC 



OF IMIDO-ESTERS. 266 

Experiments with Fubimidohethyl Ester, /-Tolenyl- 

DODOMSTHYL ESTER, AND /8-NaPHTHYLIMIDOETHYL 

Ester. 
Bt munson d. atwater. 

Furimidomethyl E%Ur, ^^^•^^^qqii » ^^*s ^^^7 obtained 

from fuiyl cyanide by following the directions of Pinner * for 
the preparation of the corresponding ethyl ester. It was 
obtained as a clear, colorless oil of peculiar odor. When 
distilled at 8 mm. pressure, it boiled from 62° to 67°. Re- 
distilled at 762 nmi. pressure, it boiled from IGQ"" to 172''; 
and a nitrogen determination gave the following result: 

N ..... 11.2 11.4 

Furimidomethyl Ester and Methyl Iodide. — (1) 19 g. of 
the ester were heated for six hours at 100° with' a little over 
10 g. of methyl iodide. The product, a light-yellow oil, was 
distilled at 21 mm. pressure, when 12 g. of material boil- 
ing from 187° to 147°, was obtained. This was redistilled at 
ordinary pressure and collected between 260° and 268°. This 
portion, on standing several days in a desiccator, deposited a 
considerable crop of colorless, stout ciystals, which, when 
crystallized from ligroin, melted at 64"". A nitrogen deter- 
mination gave: 

Oalcolated for m. ■ 

OANO.. VonA. 

N 11.2 11.4 

This material is, therefore, methylpyromucamide. The 
corresponding ethylpyromucamide was found by Wallach f to 
be an oil boiling at 268°. 

(2) In another experiment 80 g. of the imido-ester were 
mixed with 17 g. of methyl iodide and allowed to stand 
nineteen days. At the end of this time 1 g. of pyromuca- 
mide had separated, melting at 140°. The oil filtered from 

* Die Imidoatber, p. 60. t Ann. Chem. (liebig), cczIt, 229i 
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this was distilled at 20 mm. pressure. The oil collected below 
143° had the odor of the unaltered material, while the remain- 
ing portion, between 148° and 148°, solidified and proved to be 
a mixture of pyromucamide and methylpyromucanude. 

The behavior of this ester with methyl iodide is therefore 
closely similar to that of the preceding. 

p-Tolenylimidomethyl JEster. — This ester was prepared from 
p-tolunitril by Pinner's directions. It was obtained as a 
clear, colorless oil, with an odor entirely different from that 
of the nitnL It boiled at 105.5° at 10.5 nun. pressure. A 
nitrogen determination gave: 



Found. 



Galenlttad for 
0»HuNO. 

N 9.39 9.48 



p-Tolenylimidomethyl JEsUr and Methyl Iodide. — 20 g. of 
the ester were heated to 100° for four hours, A little pressure 
was foimd on opening the tube, which was filled with a yeUow 
crystalline mass of material. On crystallizing twice from 
water (?) this melted from 144° to 145° (the melting-point of 
jo-toluic methylamide is given by Gattermannand Schmidt f as 
143°). A nitrogen determination gave : 



Fonxid. 



Calcultttod f or 
CbHuNO. 

N 9.39 9.36 



jhTolenylimidomeihyl Ester and Methyl Alcohol. ^-15 g. 
of the ester were heated with one molecular proportion of 
methyl alcohol for six hours at from 100° to 110°. As there 
appeared to be no reaction, the mixture was heated at from 
100° to 140° for six hours more, and finally at from 150° to 
175° for some time. The material then had the odor of nitril, 
and it was distilled at 18 nmi. pressure, when, after the alco- 
hol escaped, it all boiled from 95° to 97° (the boiling-point of 
jp-tolunitril), except a very slight residue. This, crystallized 
from water, melted at 159°, and was therefore p-toluic amide. 
Under these conditions no rearrangement took place. 

* Ann. Cbem. (Liebig), cczliT, 61. 
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fi-Naphthylimidoethtfl Uster and Ethyl Iodide. — The ester 
was prepared from iS-naphthonitril, Pinner's directions being 
followed. It was found that it could be distilled under dimin- 
ished pressure, but the record of its boiling-point is not at 
present avaUable to the writer. That it did not suffer decom- 
position in this treatment is shown by the following nitrogen 
determination : 

GaloulMted for v^..^^ 

N 7.0 7.4 

The material thus prepared is a clear, colorless oil, and 
quite stable. 24 g. of this ester were heated with 9.4 g. 
of ethyl iodide for six hours at 100°. On cooling, the 
tube was found to contain a solid mass of yellow material 
It was treated with alcohol, which left behind a small 
amount of white crystals which melted above 280^. 
The soluble part, when crystallized from alcohol, melted 
constantly at 129^-181**, and is undoubtedly ethyl-i8-naph- 
thamide, but a nitrogen determination gave 8.1 per cent of 
nitrogen. (Calculated for amide 8.2 per cent, for ethyl amide 
7.0 per cent) The lack of sufficient pure material prevented 
a duplicate analysis. 

EXFERDCENTS WITH SiLVBR SUCCINIMIDB JlSD BeNZOYL- 
BBNZDflDOETHYL ESTEB. 

Bt BATARD BARNES. 

SUver Succinimide and Methyl Iodide. — It was shown by 
Comstock and Wheeler ♦ that if perfectly dry silver succini- 
mide is treated with alkyl iodides at ordinary temperatures, 
and especial care is taken to avoid moisture, oxygen esters can 
be isolated. The formation of a small amount of the nitrogen 
ester under these conditions was also observed, and it was re- 
marked that ^' If the nitrogen ether is formed by molecular 
rearrangement from the oxygen ether, that rearrangement 
must take place in this case at ordinary temperature." This 

* Amer. Chem. Jour., ziii, 619. 

TOL. II.— 17 
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we now know to be the case, since this rearrangement is the 
chief reaction at high temperatures. For example : 27 g. 
of the silver salt were heated with 22.8 g. of methyl iodide 
for six hours at 100°. The material was then extracted with 
ether and distilled at 20 mm. pressure, when it boiled from 
140'^ to 155°. This readily solidified and, on ciystallizing from 
alcohol, it melted from 68° to 70°. A nitrogen determination 
gave: 



N 12.38 12.46 

The material is therefore Jl^methylsuccinimide. On ex- 
tracting the sQver residue with alcohol, and crystallizing the 
extract from benzene, succinimide was obtained. 

Silver Sueeinimide and Ethyl Iodide. — (1) 24 g. of the 
silver salt and 22.5 g. of ethyl iodide were heated for twelve 
hours at 100°. As unaltered silver salt still remained, 18.8 g. 
more iodide were added, and the whole reheated six hours 
longer. The material was then extracted with benzene and 
distilled at 20 mm. pressure. The first fraction was collected 
between 122° and 182° ; the second from 182° to 142° ; while 
above 142° the material solidified in the delivery tube. 

The first portion was a pale-yellow oil at ordinary tempera- 
ture, but it solidified on cooling, and, on freezing out of ether, 
it was obtained in colorless crystals melting at 26° (the melt- 
ing-point of i^thylsuccinimide). The second fraction was 
mixed with a little aniline, and the presence of the oxygen 
ethyl ester established by the formation of crystals, which, 
after purification by dissolving in hydrochloric acid and pre- 
cipitating with anunonia, melted at 216°, this substance being 
the ** base " described by Comstock and Wheeler, which per- 
haps may be called o-ketopyrrolidine-o-phenylimide or o-anili- 
dopyrrolon according to whether it has the structure : 

CH,CO\ CHsCOv^ 

iH.C ^ or in^c f • 
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The third fraction or residue was found to consist of suc- 
cinimide. 

(2) In another experiment 30 g. of the silver salt were 
heated with 45 g. of ethyl iodide for ten hours at from ISO"" 
to ISS"". The material was then extracted with dry chloro- 
form and the extract distilled at about 20 mm. (?) pressure. 
The portion boiling below 134'' was redistilled at ordinary 
pressure, when it nearly all came over at 233''-235'' (i^-ethyl- 
succinimide boils at 284''-285''). A nitrogen determination 
in this material gave : 

Calonlatedfor m, ■ 

OANQr ""^ 

N 11.02 10.70 

It follows from the above that the oxygen ethers of suc- 
cinimide undergo rearrangement at high temperatures with 
methyl and ethyl iodides giving the isomeric nitrogen com- 
pounds. 

BemoyJhemimido JEgter and Ethyl Iodide. — As an example 
of the behavior of the acyUmido-esters with ethyl iodide, we 
describe the following experiment. We were unable to dis- 
cover any evidence of a rearrangement taking place in this 
case. This is probably due to the negative character of the 
acyl ester rather than to a stereochemical interference depend- 
ing on the molecular magnitude of the =NR grouping. This 
subject will be investigated later. 

Twenty g. of benzoylbenzimidoethyl ester and 6 g. of ethyl 
iodide were heated for eight hours at from llO*' to 120°, when 
the material was found to be unaltered. It was reheated 
for seven hours at from 120"" to 150"" with the same result. 
Finally, when heated to 200"" for six hours, it decomposed. 
On opening the tube there was considerable pressure and a 
strong odor of benzonitriL The material was shaken with 
sodium carbonate and extracted with ether. The solution 
of sodium carbonate extracted benzoic acid, and the ether took 
up benzonitril and ethyl benzoate. The amount of benzonitril 
obtained weighed 6.6 g., while the calculated yield of benzoni- 
tril for the following decomposition is 8 g. : 
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= C«H,CN + C«H,COOC,H,. 



iOCA 



It is our intention to continue the study of these rearrange- 
ments in other series. 

Nxw Bayss, June 27, 1899. 



Digitized by VjOOQIC 



RESEARCHES ON THE SODIUM SALTS OF 
THE AMIDES.* 

bt henbt l. wheeler. 

The work described in this paper was undertaken with the 
object of determining the relative ease with which certain acid 
amides yield sodium salts, and of deteimining whether a 
stereochemical interference is noticeable in this series, by com- 
paring the velocity at which, under given conditions, meta- 
meric amides of the form E— NH-C— H and H-NH— C-E 

form salts. Such a comparison, taken in connection with a 
similar examination of the disubstituted f ormamides, 

RNHCOR' and R'NHCOR, 

in which R = aryl and R' = alphyl, might be expected to 
throw new light on the disputed question of the structure of 
these salts. For example, which one of the above-mentioned 
isomeric forms is most favorable for the formation of sodium 
salts, or, in other words, in what position does R have the more 
retarding effect? And is this effect general for one of these 
types ? If the sodium attaches itself to nitrogen, then R 
^ould exert a greater interference when attached to the same 
atom than when further removed or attached to carbon ; for 
example, formanilide, C^H^NHCOH, should then give a salt 
less easily than benzamide, HNH— COC^^. 

As regards the velocity of formation of the salts, the question 
of relative acidity or negative character of the molecules arises 
at once. Do the amides give salts in accordance with the 
strength of the acids from which they are derived ? To what 
extent does the basic character of the amino group influence 

* Amer. Chem. Jour., xx\\\, No. 0. 



Digitized by 



Google 



262 RESEARCHES ON THE 

the velocity of formation of the salts?* The latter questions 
are evidently the first to be decided. 

It was necessary at the outset to devise a new method for 
the preparation of the sodium salts. It was found that sodium 
amalgam answers the purpose better than metallic sodium; 
that in boiling benzene the former does not become covered 
with a coating, as the metal does ; and that salts can be pre- 
pared by its use which cannot be obtained by any of the pre- 
viously existing methods. 

In order to determine whether acidity is the chief factor in 
determining the velocity of formation of the sodium salts, the 
following anilides in molecular proportions, taking 0.5 g. of 
acetanilide, were dissolved in 100 c. c. of benzene and boiled 
for one hour with 9 g. of a 4.7 per cent amalgam. The solu- 
tions were then filtered as rapidly as possible, and the amount 
of anilide which had formed sodium salt was determined as 
described below. The following figures approximately show 
this amount in percentages, the afiSnity constants of the re- 
spective acids being given for comparison: 

ATmM of Two V « 

XzperiiBMita. ^^ 

Formanilide, CeHgNHCHO, 100 Formic acid, 0.0214 

Acetanilide, C«H|NHCOCH„ 82 Acetic acid, 0.0018 

Oxanilide, ((3eH,NHC0— ),, 63 Oxanilic acid, 1.21 

Benzanilide, CeHsNHCOCeHs, 38 Benzoic acid, 0.006 

From this it is evident that the results do not correspond 
with the strengths of the acids. Thus, oxanilide should give 
a salt more readily than formanilide and acetanilide, and 
benzanilide more readily than acetanilide. 

That basicity does not exert the most important influence, 
the acyl radical being the same, is shown by the following re- 
sults, which were obtained under the same conditions : 

* It it weU known that the presence of negative gronps in the amides 
farors the formation of salts, dibenzamide, benxojlnrethane, etc., are solnble 
in alkali, while benzamide is insolnble, and again, the acjl cyanamides have 
stronger acid properties than the acids from which they are derired. Bader, 
Zeitschr. phjs. Chem., tI, 806. 

t Ostwald, Ibid., iii, 241. 
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Benzamide, HtNCOCeH, 98 

Benzanilide, CeH^HNCOCsHj 38 

Benzoylbenzylamine, C«H,CHsHNCOCeH, ... 1 

Ammonia 0.0023 

Benzylamine 0.0024 

Thus, if the positive character of the molecules determined 
the velocity of formation of the salts, benzanilide should 
react more readily than benzamide; and since benzylamine 
has practically the same basicity as ammonia, the benzoyl 
compounds should give salts with equal readiness. 

It is interesting to note here that Hjelt f found that the 
rate of saponification of the alkyl malonic esters is not in 
agreement with the afiBnity constants of the corresponding 
acids, but that it agrees, rather, with what would be expected 
from the theory of stereochemical interference. 

In order to determine which one of the two general forms, 
RNHCOH or HNHCOR, is more favorable for salt formar 
tion, the following amides were examined under the same 
conditions as described above, except that 28 g. of a 0.73 per 
cent amalgam were used. The figures represent the per- 
centages of amide converted into sodium salt under these 
conditions: 

Avenge. 

Ponnanilide, CeH^JTHCO-H 57 

Acetanilide, C«H,.NHCO.CH, 8 

Propionanilide, dH^HCO.C,H, 12 

Benzamide, HJTBCO.CeH, 51 

Methylbenzamide, CH,JWHCO.C«H, 

Ethylbenzamide, CtH«J^HCO.C«Hf 

In the following cases the conditions were the same as in 
the first experiments, using a 4.7 per cent amalgam. In all 
cases excepting formanilide and benzamide, however, 150 c. c. 
of benzene were used : 

* Bredig, Zeitschr. phjt. Chem., xiii»800L 
t Ber. d. chem. Ges., xziz, 1800. 
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FormanUide, C«H,NHCOH 100 

Orthoformtoluide, CeH4CH,NHC0H 96 

o-FormnaphthaUde, C10H7.NHCOH 99 

2,4,6-TrimethylformanUide, CeH,(CHg)gNHCOH . 96 

Benzamide, HNHCOCaH, 98 

Orthotoluamide, HNHCOCeH^CH, 91 

o-Naphthamide, HNHCOC10H7 76 

2,4,6-Trimethylben2amide, HNHCOC.H,(CHg), • 88 

These results, thus far, show that a disubstituted f ormamide 
gives a salt less readily than one that is monosubstituted, 
which would be expected from the theory of stereochemical 
interference ; and that when the larger or interfering radical is 
attached to nitrogen it has less effect in retarding the former 
tion of sodium salts than when attached to the keto group. 
They, therefore, indicate that the sodium is attached to oxy- 
gen.* Although it is true that the results all point in this 
direction, nevertheless the interference which might be ex- 
pected in certain cases does not exist, while in others an 
unexpected inertness is shown. An examination of the 
isomeric cycloamides, oxindol (I) and phthalimidine (11), 
under the same conditions as in the first experiments, showed 
that in both cases the amount of amide which had formed salt 
was practically 100 per cent, while benzoylbenzylamine (III)» 
which has an acyclic structure corresponding to phthalimi- 
dine, as already stated, gave practically no salt under these 
conditions : 

L n. ILL 

.NH . ^CO ^ C«H,CO. 

C.H / \C0, CeH,/ \NH, >H. 

The interesting results obtained by Remsen and Reid f on 
the saponification of the substituted benzamides show that 
substituents in the ortho position " exert a remarkable protec- 
tive influence on the amide group." The order in which the 

* Compare Michael, J. prakt. Chem., Iz, 822. 
t Amer. Chem. Jour., zxi, 281. 
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various groups produce a retardation was found to be as fol- 
lows, in order of decreasing influence: N0„ —I, — NH,, 
-CH„ -CU -OH, -O.CaH»> -O.CH,. Unfortunately, 
for a comparison with the velocity of formation of the corre- 
sponding sodium salts, only — NHa, — CHg, and the least 
interfering groups, — O.CaH, and — O.CHt, are probably avail- 
able for examination by the present method. The results 
with orthotoluamide indicate, however, that interference 
also plays a part in the formation of the sodium salt of that 
compound, although it is not shown in a very decided manner. 
On the other hand, it is curious that benzoylbenzylamine, and 
methyl- and ethylbenzamides are so inert, and that they give 
salts less readily than benzanilide, while the results with 
trimethylbenzamide are most unexpectedly high. 

The derivatives of 2-4-6-trimetiiylbenzoic acid, like other 
diorthosubstituted acids, are notably inactive in reactions 
which are supposed to involve an addition to the keto group.* 
The acid is not converted into its ester by means of hydrogen 
chloride and alcohoLf The ester % and amide § are difficult to 
saponify, while the chloride is remarkably stable towards 
water and alkalies. Diorthosubstituted acid chlorides in 
general react readily with ammonia, || however, and the silver 
salt of trimethylbenzoic acid gives almost a quantitative yield 
of the ester with methyl iodide.^ It is assumed that these 
latter reactions do not involve any addition to the keto group, 
but take place by direct substitution.** The fcwjt now that 
2,4,6-trimethylbenzamide forms a sodium salt practically as 
readily as orthotoluamide, and that no very decided stereo- 
chemical interference is found in this reaction, would suggest 
that here, also, direct substitution takes place, and that the 

* Henry, Ber. d. chem. Get., x, 2041 ; Wegscheider, Monatschefte, xri, 148 ; 
Angeli, Ber. d. chem. Get., xziz, R, 691 ; Pechmaim, Ibid., zzxi, 604. 

t V. Meyer. Ibid., xxrii, 610. X Ibid, xxtu, 1263. 

§ Sudborough, J. Cbem. Soc. (London), 1897, 229. 

H SndboTOugh, Ibid., 1897, 234. 

If Meyer, Ber. d. chem. Get., xxTii, 1680. 

** Max Scholtz, Der EinfloBg d. Ranmerfiillang d. Atomgrappen* Sad- 
borough, loc. cit. 
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sodium is attached to nitrogeii. On the other hand, if the 
sodium is attached to oxygen, the reaction must be an addition 
of sodium hydrate to the keto group, and then a separation of 
water, as follows : * 

CH, CH, 

I 



CSLtU \cO.NH, CH,-/ \ 



-oA)H 
^ONa 



in, CH, 

CH, 






^ONa 



If this is true, it follows that 2,4,6-trimeth7lbenzamide, out 
of all harmony with the theoiy of stereochemical interference, 
must readily form an addition-product with the alkali. This 
is precisely what teikes place, not only in this case but also 
with the symmetrical 2,4,6-tribrombenzamide, which Sudbor- 
ough states exhibits the greatest amount of stereochemical 
interference, as regards its hydrolysis, of any of the amides 
examined by him. 

The ease with which 2,4,6-trimethylbenzamide forms a 
sodium salt is therefore in harmony witibi the theory that the 
metal in the sodium salts of the amides is attached to oxygen. 

I have found that 2,4,6-trimethyl- and tribrombenzamides 
are readily removed from even their dilute solutions in ether 
by simply shaking with powdered potassium hydrate, the ad- 
dition-product being absolutely insoluble in ether. On filtering 
and treating the residue with water, these compounds undergo 
dissociation, and the unaltered amides are recovered. 

* Natorallj a mere trace of moisture would be lufBcient, ginoe the water 
which separates would again react until aU the amide is conyerted by the 
sodium into salt 
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In order to prepare the compound CeHaBr,CONHfl.NaOH, 
it is simply necessaiy to pour an excess of the amide dissolved 
in benzene over finely powdered sodium hydrate, whereupon 
the latter is quantitatively converted into the addition- 
product.* 

This is all the more surprising since Pechmannf found 
that 2,4,6-trimethylbenzoic ester does not form an addition- 
product with sodium alcoholate, which is one of the notable 
properties of ethyl benzoate, and I have found that 2496- 
tribrombenzoyl chloride and methyl 2,4,6-tiibrombenzoate 
do not give addition-products with potalssium hydrate, and 
also that 2,4,6-tribrom-N-dimethylbenzamide yields no sodium 
hydrate compound under the same conditions that proved 
successful with the amide. 

The readiness with which the diorthosubstituted amides 
form addition-products with the alkali, contrasted with their 
inertness as regards saponification, suggests that the processes 
involved in the formation of sodium salts and in saponification 
are not analogous. If we accept the addition theory of 
saponification, the existence of these alkali addition-products 
shows that the stereochemical interference in regard to the 
saponification of these amides, at least with alkali, is not due 
to a protection from attack, but, for some other specific 
reason, they give up ammonia with difficulty. 

That these alkali addition-products have the elements of 
the alkali attached to the keto group, and are not merely 
so-called molecular compounds, is shown by the behavior of 
the sodium hydrate addition-product of thioacetanilide with 
benzoyl chloride, which reaction yields acetanilide and thio- 
benzoic acid, as follows: 



^NHC,H, 


^NHC,H, CH,CONHC,H, 


CH,C-OH 


-♦ CH,C— OH -*■ + 


^SNa 


SCJOCy^Si HSGOCfMf 



• Laterestiing also, in this connection, it the fact that Euster and Stollberg 
(Ann. Cbem. (Liebig), cclzrriii, 217) state that 8-nitro-2,4,a-trimeth7lbeniamide 
dissolves in aqneons alkali and even in carbonatea. 

t Locdt 
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That they have the f oimula 

^NH, ^NHNa 

BC-OH and not RC-OH 
^ONa ^OH 

is shown by the behavior * of the addition-products of f orm- 
anilide, formtoluide, etc. 

When heated, or, as found by Tobias,! when simply al- 
lowed to stand over sulphuric acid, these compounds decom- 
pose as follows: 

HC-6iH i -> + 

This foimula, as representing the structure of these addi- 
tion-products is objected to by Cohen and Brittain,^ since, 
when heated, the analogous sodium alcoholate addition-prod- 
ucts § lose alcohol and yield sodium acetanilide, || which, with 
methyl iodide, gives methylacetaniUde, methylaniline, etc. 
Their statement that this formula ^^ would necessitate a molec- 
ular change of a very complex character which is scarcely 
justified by the facts" no longer holds true, since phenyl- 
formimidomethyl ester undergoes this rearrangement with 
methyl iodide, even in the cold^ yielding methylacetaoilide : 

HCf -> HC^ ^«^« 

^OCH, \ 

Experimental Paet. 

ExperimenU with a 0,73 Per Cent Amalgam. 

Formanilide. — The method adopted in general for the de- 
termination of the ease with which the amides form salts was 

* See also Hantzsch, Ann. Chem. (liebig), cczcyI, 91. 

t Ber. d. chem. (}ei., xy, 2451. 

t J. Chem. Soc. (London), 1898, dxii. 

S Cohen and Archdeacon, Ibid., Ixix, 91. 

H Seifert, Ber. d. chem. Ges., xtIU, 1858. 
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as follows: 0.4481 g. of formanilide, and the equivaleiits of 
the other amides, were dissolved in 100 c.c. of benzene 
and heated, whereupon 28 g. of a 0.73 per cent sLma]gajn 
were added. This is somewhat more than twice the calcu- 
lated quantity of sodium. After boiling one hour, the solu- 
tion was filtered, and the residue of sodium salt was collected 
on the filter, while the heavier amalgam was allowed to 
remain in the flask. The whole was washed with somewhat 
over 50 c. c. of warm benzene by means of a wash-bottle and 
the filtrate evaporated in a weighed flask, the residue being 
dried in a stream of air at ordinaiy temperature. In most 
cases the residue consisted of unaltered amide, which gave 
directly the weight of material not f oiming sodium salt. In 
all cases this residue, after weighing, was treated with water 
and titrated with a standard hydrochloric acid solution, using 
an aqueous solution of the sodium salt of orthonitrophenol 
' as indicator, which recommended itself, since it gives a very 
sharp end-reaction by gaslight and carbonic acid does not 
interfere except in the cold. 

In this manner the amount of sodium salt dissolved by 
the benzene was determined and the correction made. The 
amount of amide forming sodium salt was then determined by 
difference. In some of the experiments the amount of aniMe 
recovered, after boiling with amalgam, was determined by 
saponifying the anilide with strong hydrochloric acid, and then 
determining the amount of aniline volumetrically by means of 
a standardized solution of potassium bromate and bromide.* 

Two experiments with formanilide, performed as above, 
gave 0.1968 and 0.1869 g. anilide not attacked, corresponding 
to 56 and 58 per cent as sodium salt This sodium salt is 
insoluble in benzene. 

It must be understood that the quantitative results given in 
this paper are merely approximate, and in certain cases it is 
difficult to get closely agreeing results. The first difficulty 
encountered is the fact that with the solid amalgam it is diffi- 

* Reinhardt, Zeittchr. anaL Chem., xxziii, 00; compare Fran^oia and 
Denig^g, J. 8oc Chem. Ihd., zriU, 866. 
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cult to get the same state of division each time, although in 
each case the amalgam was freshly powdered and passed 
through a moderately fine sieve before it was used. A curi* 
ous result was observed when two different preparations of 
a semi-solid amalgam was used, both containing the same per- 
centage of sodium as &r as could be determined ; t. e., 0.72 
and 0.78 per cent. By means of the latter, when acetanilide 
was boiled for one hour, 8.7 and 8.0 per cent were fouivl to 
have been converted into sodium salt ; with the former prep- 
aration, however, on boiling, for two hours three experiments 
each gave 8.9 per cent as the amount of aniMe that had been 
attacked. 

It has previously been observed that certain preparations of 
sodium amalgam have given widely different results in reduc- 
tion experiments,* and Aschan f explains this by the assump- 
tion that impurities cause the evolution of hydrogen in the 
molecular form and not in an active state. This explanation 
fails in the above case. With these results, which fortunately 
occurred at the beginning of the work, all the comparisons 
were afterward made with portions of the same preparations. 

Other sources of error are as follows : The sodium salts are 
bulky, gelatinous, and difficult to wash when prepared in this 
way; therefore the small quantities of amides used in the 
experiments, and, in some cases, the residues left on evap- 
orating the benzene, are difficult to dry. In no case was any 
reduction of the amide observed, as in the case when the 
amides are acted on with amalgam in acidf or alkaline § 
solutions. 

AcetanUide. — When two experiments with 0.6 g. of this 
anilide were performed as described above, 8.7 and 7.9 per 
cent of the anilide were found to have been converted into 
sodium salt. This quantity was all dissolved in the benzene 
solution. Experiments at 20^, the other conditions being ex* 
actly the same, gave peculiar results. It was found that 17.8 

* LMsar-Cohn, Lab. Manual Org. Chem., p. 908. 

t Ber. d. chem. Get., xxiy, 1800. | Goaieschi, Ibid., rU, 1408. 

S Hutchinson, Ibid., xxIt, 17& 
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and 20.8 per cent of the acetanilide had been converted into 
sodium compound, or about two and one-half times as much 
as at the temperature of boiling benzene. The explanation of 
this was found on filtering the benzene solution, when before 
the washing was complete the sodium hydrate addition-product 
mentioned by Cohen and Brittain || began to separate. This 
owed its formation to the unavoidable presence of moisture 
absorbed by the amalgam and benzene during the manipula- 
tion. These authors state that the alkali addition-products 
are readily dissociated at the temperature of boiling ether; 
therefore, all other experiments described here were performed 
at the temperature of boiling benzene. 

The sodium hydrate addition-product of acetanilide is 
soluble in benzene, while that of formanilide is insoluble; 
therefore, at temperatures at which the intermediate addition- 
products are stable, more sodium compound should be formed 
in the case of acetaniUde than with formanilide, when treated 
with metallic sodium covered with a layer of sodium hydrate. 
The results of the following experiments proved this to be 
true. The anilides were dissolved in 100 c.c. of benzene 
(0.4481 g. formanilide and 0.5 g. acetanilide) and shaken in a 
machine for one hour, with 0.5 g. of sodium weighed in the air, 
whereupon formanilide gave 5.3 and 6.9 per cent, and acetan- 
ilide 20.5 and 26.8 per cent anilide as sodium compound. 

PropionanUide. — One experiment with 0.5518 g. of this 
anilide, which was performed in boiling benzene, gave no tur- 
bidity or separation of salt from the benzene solution, but on 
filtering and evaporating, 12.2 per cent was found to have 
been converted into salt. 

Benzamide. — In this case two experiments with 0.4481 g. 
of material gave 1.4 per cent of amide as sodium compound 
dissolved in benzene and 49.1 and 60.2 undissolved; total, 
60.5 and 51.6. 

Methyl- and Mht/lbenzamidei gave no evidence of any salt 
formation under the above conditions. The benzene solution 
was found to be free from alkali, and, on evaporating oft the 

* Loc. dt 
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benzene, the weights of the residues came from 2 to 5 per cent 
too high, it being difficult to dry the material without loss. 

Experiments with a ^.7 Per Cent Amalgam* 

Formanilide. — In each of the following experiments 9 gr, 
or five times the calculated quantity of amalgam, were used. 
0.4481 g. of this anilide, when treated as above, gave no 
residue on evaporating the benzene; hence the amount of 
salt formed was 100 per cent. 

Acetanilide. — One-half g. gave, in two experiments, 29.6 
per cent as salt dissolved in the benzene, and 48.1 per cent un- 
dissolved in one ; and 29.6 and 56.8 per cbnt in another ; total, 
77.7 and 86.4 ; average, 82. Lack of better agreement is due 
to the difficulty of drying, owing to the amount of salt dis- 
solved by the benzene. 

OxanUide. — In two experiments 0.4444 g. gave 65.4 and 
60.0 as monosodium salt. This salt is insoluble in benzene ; 
it was separated from all but traces of the amalgam by decan- 
tation, and a sodium determination gave : 

Oaloolatad for w»..,^ 

OJBWraCOCONaKCeHi^ '<»«>»• 

Na 8.8 9.1 

Water decomposes the salt,* liberating anilide. 

Bemanilide. — Attempts to prepare a sodium salt for syn- 
thetical purposes by boiling this anilide in benzene with 
sodium were unsuccessful. Quantitative experiments indi- 
cated that over 95 per cent of the anilide was unaltered. The 
use of xylene, as recommended by Hepp,t gave no better re- 
sult. The method of Seif ert J and Blacher § for the prepara- 
tion of sodium salts also failed in this case. It was prepared, 
however, by boUing the concentrated benzene solution with 
an 8 per cent amalgam. 10 g. anilide gave about 7 g. of 

* In detennining the amount of Bodium in the foUowing new salts, which 
was done volometricaUy, a determuiation of the amount of mercury was also 
necessary in some cases ; in others this was very small and was disregarded* 
The decanted precipitates always contain more or less mercury. 

t Ber. d. chem. Ges., x, 82& % Ibid., ZTiii, 1857. 

{ Ibid., xxTiu, 436. 
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salt after boiling several hours. It was separated from the 
excess of amalgam by decantation. As the amalgam used 
was not freshly prepared and contained some sodium hydrate, 
the results on analysis came high. The percentage of sodium 
calculated is 10.5; found, 11.7. In the experiments of Paal 
and Otten * on the action of acyl chlorides on the sodium salts 
of the anilides, they invariably treated the salt of a lower ani- 
lide with a chloride of higher acid, benzoyl chloride with 
sodium acetanilide, sodium formanilide, etc., and obtained 
nothing but the anilide of the higher acid. The action proved 
to be abnormal, as diacyl anilides were not obtained. It 
seemed of interest, therefore, to try the action of acetyl chlo- 
ride on sodium benzanilide under the same conditions as 
described by the above authors, and it was found that the 
action was also abnormal in this case, and that nothing but 
benzanilide was obtained. 

Quantitative experiments with 0.7296 g. anilide, on the 
formation of sodium benzanilide, gave 85.3 as the amount of 
amide which had formed salt, in one, and 40.5 per cent in an- 
other ; average, 37.9. The salt is insoluble in benzene ; it is 
bulky and gelatinous, but when dried forms a white, amor- 
phous powder. 

Bemamide, — The amide (0.4481 g.) gave 98 per cent as 
the amount that had formed salt, while 1.4 per cent of the 
amide was in solution as sodium salt After decanting the 
bulky, gelatinous salt and rapidly drying in a steam oven, a 
sodium determination gave: 

OalonLitod for VM,n<i 

C,H,NON». VoaaA. 

Na 16.0 16.2 

Mhylbenzamide. — Two experiments with 0.5518 g. each of 
this amide, again with the stronger amalgam, gave no evidence 
of any salt formation. On boiling the benzene solution it 
remained perfectly clear, and on examining the residue left on 
evaporating the benzene it was found that less than 0.7 per 
cent of the amide had formed salt. 

• Ber. d. chem. QeB,, xziii, 2587. 
voih n. — 18 
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Benzojflbemr/lamine. — This ^was prepared by the Baumami- 
Schotten reaction. Two experiments with 0.7815 g. of 
material gave perfectly clear solutions on boiling with the 
amalgam, and an examination of the residue, on evaporating 
the benzene solution, indicated that in both cases 1.0 per cent 
of the amide had been converted into sodium salt. The re- 
covered material melted sharply from 106® to 107**. 

Oxindol — This cycloamide (0.4926 g.) gave a bulky, 
gelatinous separation of salt iomiediately on warming and, on 
evaporating the filtered solution, the residue weighed 0.0060 g. 
It was found to be free from alkali, and, therefore, 99 per cent 
of the amide was converted into salt. A sodium determi- 
nation gave : 

CANON*. ^^""^ 

Na 14.8 16.3 

Phthalimidine. — This amide (0.4926 g.) gave a bulky, 
gelatinous salt, like the above, and the recovered residue of 
unaltered material weighed 0.0066 g. ; hence 98.7 per cent of 
the amide formed salt. A sodium determination gave : 

CANON*. '^*'™*- 

Na 14.8 14.8 

Phent/hxamide. — This amide (0.8087 g.) refused to dis- 
solve completely in 100 c. c. of benzene before adding the 
amalgam, so that the results are not directiy comparable with 
the above. The amount of amide converted into salt was 
found to be 67.8 per cent 

Oxamide and phthalamide are insoluble in benzene. Formr 
amide* immediately liberates ammonia, while acetamide ap- 
pears to be less readily decomposed by the above treatment. 

The following experiments required the use of 160 c. c. of 
benzene, owing to the difficulty with which a-naphthamide 
dissolves in this solvent. 

* That this amide ^res a sodium. salt with great ease, by a less energetic 
reaction, is shown bj the method used bj Freer and Sherman (Amer. Chem. 
Jour., xviii, 680). 
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Orthofarmtoluide. — This was one of the few cases in which 
the amalgam showed any tendency to ^ cake," or the salt to 
attach itself to the amalgam ; nevertheless, 0.5 g. gave 95.7 
per cent as the quantity of tolnide forming sodium salt ; 8 per 
cent of this was dissolved by the benzene. The salt separated 
by decantation gave : 

OalonLitod f or vumwi 

Na 14.6 14.2 

Orthotoluamide. — This was prepared by the method sug- 
gested by Remsen and Reid. The amount used was 0.5 g., 
and 90.6 per cent of this was found to have formed sodium 
salt. No salt was found in the benzene solution. A sodium 
determination gave : 

CANON*. ™"^ 

Na 14.6 16.1 

orFormnaphthalide. — Of this, 0.6888 g. gave 98.9 per cent 
as sodium salt. It is bulky and gelatinous, and therefore fil- 
ters slowly. Less than 1 per cent of salt was found in the 
benzene. A sodium determination gave : 

Na 11.8 12.2 

a-Naphthamide. — The nitrile was prepared from a-naph- 
thylamine by the Sandmeyer reaction. Of the amine 86.8 g. 
gave 18 g. of nitrile boiling at about 800^. When this was 
dissolved in an excess of alcoholic sodium hydrate and warmed 
for a few minutes, the first separation of crystals weighed 6g. 
and were practically pure amide, melting at 202''. 

The amide (0.6888 g.) gave 28.6 per cent unaltered material. 
After being heated as above, this melted sharply at 202**. 
The amount of amide as sodium salt was therefore 76.4 per 
cent. A sodium determination gave: 

Na 11.8 12-4 
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2^4fi'Trimeihylformanilide. — The meflidine was prepared by 
heating trimethylphenylammonium iodide at 210'' with a few 
drops of methyl alcohol. It is more readily obtained from 
mesiiylene by nitration and reduction. The f ormyl compoiind 
melted at 177"*. Of this, 0.6037 g. gave 95.9 per cent as 
sodium salt, which separated as a bulky, gelatinous mass. 
Less than 1 per cent of this was dissolved by the benzene. A 
sodium determination gave : 

Na 12.4 12.3 

e^Jjl^-TSimeihylbenzamide. — For the preparation of this 
amide mesitylene was nitrated according to the method of 
Schulz.* After distilling in steam, the oil obtained was dis- 
tilled at 16-20 mm. pressure, when the fraction, 120^-130°, 
was collected. It boils for the most part at 150^-154^ at 
about 50 nmi. pressure. 131 g. of mesitylene gave 61 g. of 
crude nitro-compound. This, on reduction, gave 25.3 g. of 
mesidine boiling from 224° to 226** (uncorr.). From this the 
nitrile was prepared according to Sandmeyer's reaction, using 
the conditions of Liebermann and Birukoff f for the prepara- 
tion of the corresponding 2,4-xylylic nitrile. They obtained 
a yield of 50-60 per cent. In the present case the yield was 
far below this, about 8 g. of crude nitrile being obtained. . On 
boiling this for seventy-two hours with alcoholic potash, the 
first separation of crystals, on cooling and ciystallizing the 
product from benzene, weighed 2 g. and melted sharply from 
187° to 188°. 

When 0.6037 g. of this amide was treated with the amalgam, 
an immediate turbidity of the benzene solution resulted, and 
an extremely gelatinous precipitate separated which was dif- 
ficult to wash. The salt is absolutely insoluble in benzene, 
and 87.8 per cent of the amide was converted into salt. A 
sodium determination gave: 

Oalonlated for vu.^^ 

CtoH„NO»«. rwoA. 

Na 12.4 12.8 

* Ber. d. chem. Gee., zyii, 477. t Ann. Chem. (Liebig), cczl, 280. 
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iy^fi'Trimeihylhenzamide and Potasnum Hydrate. — It was 
found that this amide readily unites with alkali in the follow- 
ing way : Potassium hydrate was used, as Cohen states that 
these addition-products, in the case of the substituted acetani- 
lides, are more soluble than the sodium hydrate compounds. 
Of this amide 0.8003 g. was dissolved in 100 c. c. of ether, in 
which it is readily soluble, and 2 g. of potassium hydrate were 
powdered iinder 40 c. c. of ether and then the whole mixed 
together. The mixture was shaken for half an hour and then 
filtered into a weighed flask. It was washed with 100 c. c. of 
ether and, on evaporating the ether and drying the residue in 
a stream of air for a few minutes, 0.0115 g. of unaltered amide 
was recovered ; 96.2 per cent had, therefore, combined with the 
alkali. On treating the alkali with water the amide was 
recovered. 

£j4fi-Tribrombenzamide. — This was prepared from met- 
aminobenzoic acid. Tribrombenzoic acid was prepared by 
eliminating the amino group from this after brominating.* 
20 g. of aminobenzoic acid gave 52 g. of the tribromamino acid 
melting at 170°-172°, and this gave 48 g. of crude tribrom- 
benzoic acid. This was converted into the chloride in the usual 
way, and, instead of attempting to purify this by crystallizing 
from petroleum ether, in which the compound is readily soluble, 
it was distilled f under a pressure of 85-40 mm., when the 
chloride boiled from 200'' to 210''. On cooling the distillate, 
beautiful, fournaided tables separated, melting at about 47'' • 
These were crystallized from petroleum ether. The yield was 
25 g. The amide separated immediately when this material 
was dissolved in alcoholic ammonia, and it melted sharply 
from 191° to 192^ 

This amide is the most difficult to saponify of any yet ex- 
amined ; nevertheless it unites with alkali to form addition- 
products with the greatest ease. 

i^S'Trihrombenzamide and Potassium Hydrate. — 1.0040 g. 
of the amide were dissolved in 100 c c. ether, and 2 g. of potas- 

• Volbrecht, Ber. d. chem. Ges., z, 1708. 
t Sudboroogh, loc. cit 
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sium hydrate, powdered under 40 c. c. of ether, were added. 
After fthaking for half an hour the material was filtered and 
washed "vnth 100 c. c. of ether. On evaporating the filtrate 
only 0.0145 g. of residue was obtained. Therefore, 98.7 per 
cent of the amide had formed an addition*product with the 
alkali, and was filtered off. 

gy4fi'Tribrombenzamide Sodium Sydrate, C^H^Br^CONH^. 
Na OR, — These addition-products can be isolated in a state 
of purity, as follows: 4 g. of the amide are dissolved in 
150 c. c. of benzene, and the solution poured on 0.3 g. of pure 
sodium hydrate in a mortar (calculated quantity, 0.4 g.). The 
alkali is thoroughly powdered, and then the mass is filtered 
and washed with benzene, in which the addition-product is 
insoluble. On drying rapidly in a steam-bath, a sample thus 
prepared gave the following result on determining sodium 
hydrate: 

Caloulated for w ^..^ 

GABr,CONH|.NaOH. ■*"«**• 

NaOH .... 10.0 10.3 

Under the microscope the material appeared minutely ciys- 
talline, but no definite form could be observed. It was abso- 
lutely free from the characteristic needles of the free amide. 
Water immediately decomposes the compound. 

£4^'TrihromrN-d%methylbenzamidey C^tBu CO.N{ CS^\. 
— This was prepared by treating the acid chloride with an ex- 
cess of an aqueous 33 per cent solution of dimethylamine 
mixed with methyl alcohol. The product thus obtained was 
purified by crystedlizing from a mixture of benzene and petro- 
leum ether, whereupon well-developed, colorless prisms sepa- 
rated melting from 85° to 86°. A nitrogen determination 
gave: 

Oalenlitad for VMn.ii 

N 3.61 8.67 

When 2 g. of this amide were dissolved in 80 o. c. of ben- 
zene and treated with 1.5 g. powdered sodium hydrate, no 
addition took place. The alkali was free from amide on 
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filtering and washing, and the benzene solution contained no 

Sy^jS'Tribrambenaoffl Chloride and Potamum Hydrate, — 
1.1020 g. of the chloride were dissolved in 60 c. c. of ether, 
and 2 g. of potassium hydrate, powdered under 40 c.c. of 
ether, were added. After twenty minutes the mixture was 
filtered, washed with 100 c. c. of ether, and the ether evapo- 
rated, when the residue weighed 1.0620 g. No alkali was 
found in this residue; hence 96.8 per cent of the chloride 
remained unaffected in this treatment. 

By^fi'Methyltrilromhenzoate and Potassium Hydrate. — 
1.0055 g. of the ester were treated with 2 g. of powdered 
potassium hydrate, as above described, when 0.9841 g. of 
unaltered material was recovered, or 97.8 per cent. 

ThioaeetanUide Sodium Hydrate, CHtC8-NHCfi^.NaOH. 
— 1.2 g. of sodium hydrate (calculated 1.7) were powdered 
under a solution of 6.6 g. of thioacetanilide in 30 c.c. of 
benzene. A finely divided precipitate formed at once, whicdi 
was very slow in filtering. It was washed with a little ether 
and dried at about 55^, whereupon a sodium determination 
gave: 

Oalealated f or v<««.^ 

0«H|NB.NaOH. vtmaA. 

Na 12.0 11.8 

ThioaeetanUide Sodium Hydrate and Benzoyl Chloride. — 
5.2 g. of the above were mixed with 8.5 g. of benzoyl chloride 
in 80 c.c of ether, whereupon reaction immediately set in with 
evolution of heat. On filtering and evaporating the ether a 
yellow oil was obtained, which, on standing over night, de- 
posited a mass of needles or prisms. When these were 
washed with ether and crystallized from water, broad, color- 
less plates of acetanilide were obtained melting at 114^. The 
yellow oil was easily recognized as thiobenzoic acid by its 
peculiar, disagreeable odor. It could not be distilled even 
under diminished pressure. When it was mixed with aniline 
in the cold, it gave benzanilide. 

The above sodium-hydrate addition-product appears to be 
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formed when sodium alcoholate and thioacetanilide in alco- 
hol are precipitated with moist ether. A portion prepared in 
this manner by Dr. P. T. Walden and treated with benzoyl 
chloride gave the same result as above. A determination of 
nitrogen in the crystals obtained proved that the material 
was acetanilide. 

Nbw Hateh, February 28, 1900. 
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ON THE MOLECULAR REARRANGEMENT OF THE 
THIONCARBAMIC, THIONCARBANILIC, AND THI- 
ONCARBAZINIC ESTERS : /J-ALKYL-a./i-DIKETO- 
TETRAHYDROTHLA^OLES* 

Bt HENBY L. WHEELBR AMD BATARD BARNES. 

In a recent paper we showed that the thioncarbamic esters, 
HgNCS.OR, undergo a molecular rearrangement in the pres- 
ence of alkyl halides, with great ease, giving the isomeric 
thiol compounds, HsNCO.SR. In this paper we describe the 
results of an examination of certain monosubstituted xantho- 
genamides, XNHCS.OR, under similar conditions, and of the 
preparation of some homologues of ^' mustard-oil acetic acid " 
or a-/A-diketotetrahydrothiazole. 

We find, when X in the above formula is C^H, — ^,that 
these compounds, the thioncarbanilic esters, react less readily 
than the non-substituted thioncarbamic esters. With methyl 
and ethyl iodides they require more or less protracted heating, 
while with isobutyl iodide no rearrangement was observed. 
In order to extend our knowledge of the thion esters, we 
examined also the phenylthioncarbazinic esters, CgH^NH— 
NHCS.OR, in which X is the positive grouping C«H,NH. 

Of the three possible types of phenylthiocarbazinic esters 
certain dithiof and thiol j: compounds have been described, 
but methods were lacking for the preparation of the thion 
derivatives. It seemed probable that these compounds would 
result by the action of phenylhydrazine on the dithiocarbonic 
esters, sdthough the reaction, if taking place between equal 
molecules and if confined to the fi-axaino group, and excluding 
tautomeric forms, might still proceed in four different ways, 

* Amer. Chem. Jour., zxir, No. 1. 

t Batch, Ber. d. chem. Ges., xxriii, 2636. 

t BoBch and Stern, J. prakt. Chem., Iz, 242. 
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the dithio ester and the phenylhydrazine first combming to 
form an addition-product, then decomposing as follows : u e. 
with the evolution of mercaptan (I or 11), or alcohol (UI), 
or hydrogen sulphide (IV) ; 

CtH,NH-NHCS.OC,H„ L 
/SC,H. ^ CANH-NHCO.SC,H^IL 
C.H,NH-NH-0-SH ^ CeH.NH-NHCS.SC,H^ IIL 
* ^ C ANH~N=C <oc*h1' ^^• 

In &ct, it was found that this reaction proceeds chiefly in the 
sense of the first and last representations, a solid and an oil 
being obtained. The solid material is the phenylthioncarba- 
zinic ester (I). This reacts readily with methyl iodide, ethyl 
iodide, benzyl chloride, etc., giving the phenylthiolcarbazinic 
esters just described by Busch and Stem: * 

CeHJ^f H-NHCS.OC,H. + IR = CeH,NH-.NHCO.SR + CH J, 

This molecular rearrangement takes place at ordinary tem* 
peratures, and, therefore, more readily than in the case of the 
thioncarbanilic esters, a basic character of the molecules being 
more favorable for rearrangement than a negative one. 

Phenylthioncarbazinicethyl ester (I), reacts with phosgene 
in toluene, giving ethoxyphenylthiobiazolone (V), a repre- 
sentative of a new type of alkyloxythiobiazolones, the other 
theoretically possible types having been described by Busch. 
The carbazinic ester reacts with benzoyl chloride, evolving 
ethyl chloride, but the evolution of this gas is due to a sec- 
ondary reaction, the chief product obtained being a benzoyl 
derivative (VI). The same benzoyl derivative is formed 
from the sodium salt of the carbazinic ester and benzoyl 

chloride : 

V. VL 

CtH^ N C.Hr-N-NHCS.OC,H, 

OC-S-C-OC,H, CeHr-io 

• Loc. cit 
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The formula VI is assigned to the benzoyl compound be- 
cause it is soluble in alkali and can be precipitated unaltered 
by acids. That the benzoyl group is not attached to sulphur 
is shown by the fact that the compound can be boiled with 
alkali or acids without decomposition. 

The action of acyl chlorides is tautomeric when compared 
with the behavior of the alkali salts of the carbazinic ester 
with alkyl iodides, for, if phenylthioncarbazinicethyl ester is 
treated with ethyl iodide in the presence of alcoholic potash, 
the following represents the course of the reaction: 

8K 8C,H. 

OGiM( OCsM| 

The oil thus obtained is identical in every respect with 
the hydrazone (IV), obtained by the direct action of phenyl- 
hydrazine on diethyl dithiocarbonate. This behavior is, 
therefore, similar to that of the thioncarbanilic * and the 
dithiocarbazinic esters,! but it differs from that of the oxy- 
gen analogues,^ inasmuch as the latter give nitrogen alkyl 
derivatives. 

When the above hydrazone is treated with thiobenzoic acid, 
a peculiar reaction takes place and phenylthiolcarbazinicethyl 
ester (11), and ethylthiol benzoate are almost quantitatively 
obtained. The hydrazone and the thio acid combine at the 
double bond, then separate as follows: 

^SC,H, CtH^CO-SCA 

C.H.NH-NH-C-SCOC.H. -> + 

^OCA CtH,NH-NHCO.SC,H, 

A similar reaction takes place with thioacetic acid. In ad- 
dition to the above reaction a small amount of hydrogen 

* Liebermann, Ann. Chem. (Liebig), ocrii, 148; Fromm and Block, Ber.d. 
chem. Get., xzzii, 2212. 

t Bnsch and Lingenbrink, Ber. d. chem. Ges., zzzii, 2620L 
I Hantach and Mai, n>id., xxriii, 077. 
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Bulphide is evolved, but no acetyl- or benzojlhjdiazone was 
isolated. 

The hydrazone can be changed back to the thioncarbazinic 
ester by passing hydrogen sulphide into the material heated 
to 125°, or it can be converted into the thiol ester by treating 
it vnWi hydrogen chloride in benzene solution. These reac- 
tions involve the formation of the following addition-products, 
which decompose in the two opposite ways, as follows: 

viL vm. 

HiS-C-HN-NHCtH. 



C.HsO'' 



Cl! -C-HN-NHC«H,. 



In the case of the action with hydrogen chloride the addi- 
tion-product (Vin) was isolated; and in the absence of mois- 
ture this is stable at temperatures below 57**. 

The hydrazone reacts energetically with acetyl and benzoyl 
chlorides and in the same manner as in the case of the sub- 
stituted imido-esters, inasmuch as ethyl chloride is evolved 
and a N-acyl derivative is formed. That the ethyl group at- 
tached to oxygen is the one evolved as ethyl chloride in this 
reaction, and not the group attached to sulphur, is shown by 
the fact that on boiling the benzoyl derivative with hydro- 
chloric acid phenylthiolcarbazinicethyl ester (II) is obtained. 
The benzoyl compound, therefore, has one of the following 
thiol structures: 

IX. X. 

C,H,S.CO-NH-N/ or >N-NHC,H^ 

COCeH, CeH,CO 

This is confirmed by the fact that the thiol compound, 
CeHsNH-NHCO.SC,H„ 

reacts smoothly with benzoyl chloride, hydrogen chloride 
being evolved, and the above benzoyl derivative is formed. 
That the structure represented by formula IX is probably 
the correct one, or, in other words, that the acyl groups are 
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in the a-/9-po8itions in respect to each other, is shown by the 
acid properties of the compound ; it dissolves in alkalies and 
can be precipitated, even after boiling, unaltered by acids, 
although a diacyl derivative corresponding to the formula X 
would be expected to be formed here from analogy with the 
imido-esters. This, however, would probably be insoluble in 
alkali. 

The following, therefore, represents the action of the hydra- 
zone with benzoyl chloride, the addition taking place with the 
formation of a pentavalent nitrogen product (XI), and not at 
the double union as represented in the case of the isoanilides ; * 
this product then rearranges with loss of ethyl chloride, 'as 
shown in formula XII: 

XL xn. 

CI COCeH, •^.•^^.•i^'^ 



5 



The thiocarbazinic esters and the hydrazone are very reactive 
with compounds of a negative character, but, on the other 
hand, with bases they show little tendency to react. 

Libermann and Voltzkow,t who investigated the action of 
cUoracetic acid on " phenylsulfurethan," and Langlet,t who 
examined the behavior of xanthogenamide with bromacetic 
acid and yS-iodpropionic acid, represented the amides as acting 
in the pseudoform, and hydrogen chloride as separating in the 
first stage of the action. It was suggested, however, by 
P. Meyer § that this reaction probably takes place first with 
the separation of alkyl halide, and this we find to be the case. 
For example, chloracetic acid reacts with xanthogenamide at 
100° in the same manner as with alkyl halides, and there is no 
reason for assuming, from this reaction, that the thioncar- 
bamic esters have the pseudoform, the reaction taking place 
as follows: 

• Wheeler and Walden, Amer. Chem. Jour., xix, 180. 

t Ann. Chem. (Liehig), ccvii, 137. t Ber. d. chem. Gefl., zxIt, 8849. 

S Ibid., ziT, 1663. 
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xnL 

/CH,COOH 
H,NCS.OC,Hg -^ H,NC~S-rci~i "♦ 

H,NCO.SCH,COOH. 

The carbaminthiolglycoUic acid (Xm), thus fonnedy which 
was isolated, loses water, giving the ling-foimed compound, 
o^/Mliketotetrahydrothiazole (Senfdlessigsauie).* 



XIV. 




XV.. 


S CONH 

CHtCO-jOHJ 


-»• 


8-CO ^ 
CH,CO^ 



Since the acids XCH,COOH and XCH,CH,COOH leact 
readily with xanthogenamide and phenylxanthogenamide, it 
seemed of interest to deteimine whether the homologues of 
the above ring or the /8-€dkyl derivatives would result in the 
same manner by employing the halogen acids RCHXCOOH 
and their esters. It is our experience, however, that these 
latter compounds react by no means as smoothly as the former; 
at any rate, a large part of the xanthogenamide undergoes a 
rearrangement into the corresponding thiol ester and decom- 
position occurs, giving cyanuric acid, thiol acid, and other 
products. 

We find, however, that the oHSulphocyan derivatives of the 
fatty acid esters, at least the lower members of the series, are 
capable of the same transformation under the influence of 
hydrochloric acid as that observed by Heintz f and Claesson X 
in the case of sulphocyanethyl acetate, and that by this means 
the homologues in question can be prepared. The methyl 
and ethyl esters give the best yields of the /9-alkyl-<^^firdiketo- 
tetrahydrothiazoles, the hydrolysis probably taking place as 
follows : 

* Compare Hantsch and Aripides, Ann. Chem. (Liebig), ccxliz, 8. 
t Ann. Chem. (Liebig), cxxzri, 232. 
X Ber. d. chem. Gee., x, 1362. 
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SON SCONH, 8 — C(f 






JSxperimental Part. 

PhenyltMoncarhazinicethtfl Uster, C^^NH—NSCS. OC^^. 
— 115 g. of xanthogenic ester, CjH^SCS.OCjHg, and 80 g. of 
phenylhydrazine were wanned for twelve hours on the steam- 
bath, when hydrogen sulphide and ethyl mercaptan were 
evolved, and, on cooling, 77 g. of the carbazinic ester sepa- 
rated. This was filtered on the pump and separated from the 
hydrazone, which latter, after washing with alkali, was dried 
at 100° in a vacuum, when the oil thus obtained weighed 
87 g. 

The carbazinic ester was purified by crystallizing from 
ligroln or alcohol, from which solvents it separates in the form 
of needles melting at 72° to 74°. A nitrogen determination 
then gave: 

CAleolatod for v^m^ji 

CAiN«Ofl. '*'™^ 

N 14.2 14.1 

This compound dissolves in alkali and is precipitated 
unaltered by acids. 

PhenyltUolearhawnicmeihyl JSster, O^^JfH-NHOO.SOB^ 
— This compound was obtained when 2 g. of the above ethyl 
ester were dissolved in 5 g. of methyl iodide. On standing for 
several hours and then evaporating the methyl iodide, color- 
less needles melting at 152^ were obtained. In spite of the 
&ct that a nitrogen determination came low (analysis A) this 
material is identical with that prepared from potassium thiol- 
earbazinate, C.H^H-NHCO.SK, and methyl iodide (analy- 
sis B) which was first obtained in the latter way by Busch and 
Stem.* 

Cftlcolatod for Voond. 

CHi«N.08. A. & 

N 16.3 14.7 15.6 

• Locdt 
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PhenyltUolcarhazinicethyl Uster, C^H^H'-NHCO.SC^H^, 
when prepared by treating the thioncarbazinic ester or the 
salt, C^HjNH-NHCOSK, with ethyl iodide, was obtained 
in needles melting at 112^. Busch and Stem give 113°. A 
nitrogen determination gave : 

Calculated for «»»»4 

CA,N.OB. ^^""^ 

N 14.2 14.0 

This compound is insoluble in alkali. When this and the 
preceding compound were heated with molecular proportions 
of aniline, on the steam-bath, carbanilide was obtained. 

PhenyUhiolcarhazinichenzyl Ester^ 

CA^JS-NSOO.SOHt C.Hy ~ 
When 8 g. of the thion ester were heated with 1.9 g. of benzyl 
chloride on the steam-bath, ethyl chloride was evolved and the 
mixture soon solidified. On crystallizing then from alcohol, 
clusters of spears or needles were obtained melting at 170°, as 
stated by Busch and Stem. A nitrogen determination gave : 



Found. 



Calenlatod for 

N 10.8 10.0 



C,H,N^N 
JEthoxypJtenyltMobiazolone^ / H . — 5 g. of the 

OC^S — G—OGfff^ 

thioncarbazinic ester and 18 g. of a 20 per cent solution of 
phosgene in toluene were heated on the steam-bath for half an 
hour. On evaporating the solvent in a vacuum, an oil was 
obtained which finally solidified. The material then crystal- 
lized from alcohol in colorless prisms which melted constantly 
at 88°, and a nitrogen determination gave the following result: 



Found. 



Calculated for 
C,oHioN,0^ 

N 12.6 12.3 



PhenyUhioncarbazinicmethyl Ester ^ C^ffs^E—NSCS.OCE^. 
— When methylethyl dithiocarbonate, CHgOCS.SCiHj, was 
warmed with phenylhydrazine and then cooled, nothing but 
an oil was obtained. However, on treating this with ether 
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and alkali, a solid separated which was identical with the 
above described thiolcarbazinicmethyl ester melting at 152'' 
(analysis C). On adding hydrochloric acid to the alkaline 
extract and crystallizing the precipitate from alcohol, yellow 
prisms were obtained melting at about 118^. A nitrogen 
determination gave (analysis D) : 



Ifor 

OAJ^fi^ o. Dl 

N 15^ 15.1 16.3 

The ether extract contained the hydrazone, 



CeH^NH-N=C< 



OCHa 



which decomposed when an attempt was made to purify it by 
distillation under reduced pressure. 

a-BenzojflphenjfUhtonearbazinicethffl Etiter^ 

0,II^^NffCS.OCtH, 



O^ff.CO 



When the thioncarbazinic ester is treated with benzoyl 
chloride, action begins about 90^ and is complete on heating 
to 120° for a short time. On crystallizing from alcohol, fine 
colorless pyramids are obtained melting at 178° . This material 
is soluble in alkali, in which solution it can be boiled without 
decomposition. A nitrogen determination gave : 



Ifor 
CmHmN,0^ 

N 9.3 9.3 

The sodium salt of thioncarbazinicethyl ester was prepared 
by mixing the thion derivative with sodium alcoholate and 
evaporating in a vacuum. It forms a yellowish-red powder. 
When this was treated with benzoyl chloride, the above 
benzoyl compound was obtained. 

Phenylhydrazone of IHethyUhiocarhome Ester ^ 

As stated above, under the heading of phenylthioncar* 
bazinicethyl ester, from 115 g. of xanthogenic ester and the 
VOL. n. — 19 
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calculated quantity of phenylhydiazme, 87 g. of this hydrazone 
were obtained. In our first experiments with this substance, 
it was freed from the thion ester by shaking with alkali, and, 
after drying, it was distilled under reduced pressure It was 
found ^t it invariably decomposed to some extent when 
treated in this way, although it boiled for the most part, at 
190''-191'' at 14 mm. pressure, and at 210''-21S'' at 86 mm. 
pressure. Thus obtained, it formed a thick yellowish-red oil 
which soon became dark-brown and resinous on exposure to 
the air. A nitrogen determination in a portion which had 
been distilled indicated that the substance obtained in this 
manner was not pure (analysis E). 

It is better prepared from phenylthioncarbazinicethyl ester 
by treating the alcoholic solution with potash and ethyl iodide. 
Action takes place at ordinary temperature and, on filtering 
and evaporating, washing with water and drying over calcium 
chloride, it was found to distil at 198° at 20 mm. pressure. 
A nitrogen determination gave (analysis F) : 

Calenlfttod f or Floand. 

CuH,,N^Oa. X. F. 

N 12.5 lliJ 12,9 

The alcoholic solution gives with ferric chloride a garnet-red 
solution. When hydrogen sulphide was led into this oil at a 
temperature of 125"^ for two hours and the material then 
allowed to cool, a mass of needles or prisms separated. The 
material was soluble in alkali and, on precipitating with 
hydrochloric acid and crystallizing from alcohol, fine needles 
melting at 78° were obtained. This material was, therefore, 
phenylthioncarbazinicethyl ester. 

When hydrogen chloride is led into the hydrazone dis- 
solved in ether or benzene, a colorless precipitate forms which 
rapidly deliquesces on exposure. On rapidly pressing it on 
paper, it was found to melt at about 57°, giving off ethyl 
chloride and leaving a residue of phenylthiolcarbazinicethyl 
ester. 

Phenylhydraz<me of IHethylthiocarhonic Uster and Thio- 
benzoic Acid. — 85 g. of the hydrazone were mixed with 20 g. 
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of thiobenzoic acid and warmed on the steam-bath for twelve 
hours. On cooling, the material partially solidified. It was 
filtered as far as possible on the pump, and the solid material 
was crystallized from alcohol, when prismatic crystals were 
obtained, melting constantly at 112''. These proved to be 
phenyUhiolearbazinicethj/l ester. The oil filtered from this 
was distilled at 16 mm. pressure, whereupon it boiled mostly at 
129®-181^ It was redistilled several times at ordinary pres- 
sure (760 mm.), and although it decomposed slightly by this 
treatment, it boiled constantly at 262^-268'*. The boiling- 
point of ethyl thiolbenzoate^ CeHsGO.SCiHs is given by Engel- 
hardt, Latschinoflf, and Malyscheflf * as 248"* and by Seifert f as 
241'*-248'*. In order to compare the above oil with ethyl 
thiolbenzoate, thiobenzoic acid, freshly prepared, was treated 
with alkali and ethyl bromide in alcohol, when action took 
place, on warming, and was complete in a few minutes. 
Water was then added and the oil taken up in ether, dried 
and distilled, when it practically all boiled over from 252^ to 
258°. On mixing this oil with the above, the boiling-point 
of the mixture was unaltered. The material was therefore 
ethyl thiolbenzoate, and the previous observations on the 
boiling-point of this ester are 10^ too low, our observations 
being taken with an Anschtitz thermometer. 

Phenylhydrazone of Diethylthiocarbonic Ester and Benzoyl 
Chloride. — 5.7 g. of the hydrazone were mixed with 8.6 g. of 
benzoyl chloride in the cold, when the mixture became warm 
and effervesced, giving ofif ethyl chloride. On cooling, the 
material was crystallized from benzene and alcohol, when 
small lozenge-shaped crystals were obtained melting con- 
stantly at 188^-189°. It dissolves in alkali and is precipitated 
unaltered by acids, and a nitrogen determination gave : 

Oaleolated for w s^ ^. ^ 

N 9.3 9.3 

When this material is boiled with hydrochloric acid and 
alcohol, it slowly decomposes and goes into solution. On 

• Zeitschr. Chem., 1808, 866. t J. prakt Chem. [2], zzad, 471. 
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adding sodium hydrate and ciystallizing the precipitate thus 
produced, phenylthiolcarbazinicethyl ester meltmg at 112^ 
is obtained. This same benzoyl derivative is formed when 
the thiolcarbazinic ester is. warmed to 100^ with benzoyl 
chloride. When it is heated with aniline, it gives carbanilide. 
This benzoyl derivative is in all probability orhenzoylphenyJr 

C.H,-.N-.NHCO.SC,H, 
thiolh(mnieethyl eatery I 

CeH,CO 

When the above hydrazone is diluted with benzene and 
acetyl chloride is added, a violent effervescence takes place. 
The product obtained after evaporation consists of a varnish 
which slowly solidifies. Beyond showing that it is readily 
soluble in alcohol and benzene it was not further examined. 
The hydiazone reacts with methyl iodide in the cold, and well- 
ciystallized prisms separate. These will be investigated later, 
it being our intention to examine other hydrazones of the car- 
bonic esters along similar lines. 

Thwncarlanilicmethyl EBter, C^^NffCS.OCfft. — Z0 g. of 
phenyl mustard oil and 120 g. of methyl alcohol when boiled 
for twelve hours on the steam-bath, gave 29 g. of material 
melting at 95** -96*, after crystallizing from alcohoL This 
compoimd has recentiy been prepared by Omdorff and Rich- 
mond,* and they give its melting-point at 97*. A nitrogen 
determination gave: 

OitonlAtod f or w.«»,^ 

OaHgNBO. WoaaO. 

N 8.38 8.31 

This substance gives a white precipitate with thallium 
hydrate which becomes black on boiling. When its alcohol 
solution was boiled with mercuric oxide, desulphurization 
took place slowly and, on concentrating the solution, car- 
banilide was obtained. 

Thiolcarbaniliemethyl lister, C^^NJICO.SCH^ — 2 g. of 
the above compound were warmed with 2 g. of methyl iodide, 
and the product was crystallized from alcohol, when colorless 

* Amer. Chem. Jour., xxW, 402. 
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plates were obtamed melting at 81''-88''. This same com- 
pound was obtamed when 5 g. of phenjlthionethyl carbamate 
was heated on the steam-bath with 10 g. of methyl iodide. A 
nitrogen determination gave : 

CsH^NSO. Waaaa, 

N 8.38 8.44 

This material gives a reddish-yellow precipitate with 
thallinm hydrate which does not blacken on boiling (differ- 
ence from the thion compound). It gives white precipitates 
with lead and silver nitrates, and it dissolves in concentrated 
sulphuric acid, and is precipitated out by water. It agrees 
therefore in properties with the compound obtained by Will * 
from phenylimidophenylthiocarbamicmethyl ester and sul- 
phuric acid, 
CeH.-NH-C=(NCaH,).SCH, + H,0 = 

CeH,NHCO.SCH, + H,NC,H,. 

Thtanearbanilicethtfl EBter, C^^NHCS.OC^H^, was pre- 
pared by boiling phenyl mustard oil with sdcohoLf It was 
converted into thiolearhaniliceihyl efter^ GeHgNHCO.SCsHs. — 
When 5 g. of thioncarbanilicethyl ester were heated for twelve 
hours with 15 g. of ethyl iodide on the steam-bath and the 
product crystallized from alcohol, a mass of colorless needles 
was obtained, melting at 71°-78''. This compound has already 
been prepared by Will by a different method.^ When boiled 
with a mixture of alcohol and concentrated ammonia, it gave 
monophenylurea melting at 147°. Although this compound 
differs from the thion derivative by only about 1° in melting- 
point, when portions of each are mixed, the melting-point is 
lowered about 85°. 

Thioncarbamlicisobuttfl I!$Ur, C^H^H^CS.OC^^ — Om' 
dorff and Richmond state that heating isobutyl alcohol and 
phenyl mustard oil in sealed tubes at temperatures varying 

* Ber. (L chem. Get., zt, 841. 

t Hofmaim, Ber. d. chem. Ges., ii, 120; iii, 772; Liebemuuio, Ann. Cbem. 
(Liebig), ccrii, 142; Orndorfl and Richmond, Amer. Chem. Jonr., xzii, 461. 
X Locdt 
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from 110° to 180° gave no solid product except thiocarbanilide. 
They prepared this substance by heating the materials for 
twenty hours on the water-bath, and state that it melts at 
80.6°. 

We found that, when 10 g. of phenyl mustard oil and 20 g. 
of isobutyl alcohol were heated in a closed tube for 115° to 
125° for three hours, beautiful, long, colorless prisms were 
obtained which, after crystallization from alcohol, melted at 
77° to 78°. A nitrogen determination gave : 

Ctelmilated f or -„. 

C„H,^80. rouaA, 

N 6.69 6.76 

When 2.5 g. of the above compound were heated with 2.3 g. 
of isobutyl iodide in an oil-bath from 125° to 140°, no action 
whatever was observed. 

Ethyl ThioncarlamaU, H^NCSOCJB:^, and CUoracetie Acid 
were mixed in molecular proportions and heated on the steam- 
bath until ethyl chloride ceased being evolved. The mass was 
then pressed on a plate, taken up in ether and filtered. The 
ether was then evaporated and the residue extracted with 
benzene. On crystallizing the material from water and ether, 
it melted at 185° to 186° with effervescence. A nitrogen de- 
termination gave: 

Oaloalatod for au.,.^ 

H,N00.80H,COOH. ««««. 

N 10.37 10.20 

This material is therefore carbaminthioglycollic acid, 
H,NCO.SCH,COOH. The yield was poor, as thioglycoUic 
acid, thiolethyl carbamate, and cyanuric acid were also formed. 

Isoamyl Thioncarhamate^ HtNOSOO$Hiu and CKloraeetic 
Acid^ when heated on the steam-bath, deposited crystals which, 
when crystallized from ether, separated in the form of six- 
sided prisms melting at 128° to 125°. A nitrogen determi- 
nation gave: 



VovidL 



Oalcnlftted f or 
CANSO^ 

N 11.96 11.65 
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This material is therefore the so-called mustard oil acetic 
acid, or a-/Mliketotetrahydrothiazole. This compound is 
formed far more readily by boiling the sulphocyanacetic 
esters with concentrated hydrochloric acid. It can be boiled 
under diminished pressure without decomposition. At 19 mm. 
pressure it boiled from 178.5** to 179.6^ 

Silver a^/jHiiketotetrahydrothiazole was prepared by precipi- 
tating the alkaline solution of the above compound with the 
calculated quantity of silver nitrate. It forms a Ught yellow 
powder which turns brown in the sunlight. A silver deter- 
mination gave 49.8 per cent silver, instead of 48.2 per cent. 
Hydrogen sulphide regenerates the thiazole from this salt. 
The same result was obtained when it was treated with 
benzoyl chloride. 

N-MeihyUa-iifdiketotetrahydrothiazole^ I yNOH^. — 

The above silver salt when suspended in ether and in ben- 
zene and heated for several days with methyl iodide, gave a 
product which boiled at 15 mm. pressure from 181^ to 132^. 
This distillate solidified at once, on cooling, and when crystal- 
lized from benzene and ligroln, melted from 87^ to 89°. A 
nitrogen determination gave: 

Calenlsted for va„,^ 

C4H5NBO,. '**"~- 

N 10.6 10.5 

For purposes of comparison o^^Mliketotetrahydrothiazole 
was methylated according to the method employed by 
Arapides,* when a product was obtained which boiled at 14 
nun. pressure from 129° to 181° and was otherwise identical 
with the product from the silver salt Arapides has shown 
that this product has the methyl group attached to nitrogen. 
He states that it forms an oil which slowly solidifies over 
sulphuric acid and that it very readily deliquesces. This is 
not the case when the material is purified by distillation ; it 
then readily solidifies and does not deliquesce on exposure. 

« Ann. Chem. CLiebig), ccxliz, 2a 
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When 1.4 g. of N-metiiyl-ii^/u^diketotetiabjdrotMazole, pie- 
pared either from the sodium or silver salt, was treated with 
4.2 g. of sodium hydrate and 1.8 g. of silver nitrate added in 
aqueous solution, a gas was given off and a white gelatinous 
precipitate was obtained which turned yellow in the light. 
The gas was found to be carbon dioxide, and a silver deter- 
mination in the precipitate gave 70.2 per cent, while the cal- 
culated percentage for silver thioglycoUate AgSCHiCOOAg, 
is 70.6 per cent. 

When this salt was decomposed with hydrogen sulphide, 
in aqueous solution, the filtrate gave with ferric chloride and 
ammonia the characteristic red-violet color of thioglycollic 
acid. 

T/Uonearbanilieethtfl JSster, O^H^NHOSOO^H^, and Cfhhr- 
acetie Add react on the steam-bath, giving off ethyl chloride and 
water, and not hydrochloric acid and alcohoL The product 
when crystallized from alcohol forms long colorless needles 
and melts from 147'' to 148^, which is the melting-point of 
ffrphenyl-artirdiketotetrahjfdrothiazole (PhenylsenJK5lglycolid), 
as found by Liebermann.* This reaction is much smoother 
than in the case of ethyl thioncarbamate and chloracetic acid. 

ThiancarhanUieethyl Uster and a^Brampropionieethyl Uster 
(by G. K Dustin). — When 18 g. of brompropionicethyl ester 
were heated with one molecular proportion of thioncarban- 
ilicethyl ester for some time on the water^bath, then for a num- 
ber of hours from 120^ to 140°, a solid sepaptted, on cooling. 
TMs crystallized from alcohol in groups of fine, colorless 
needles melting at 108°, and a nitrogen determination agreed 
with the calculated for 

I ^NC.H,: 

CnJOHCO^ 

Oaleoltttod tor Vonad. 

GuH^OtS. I. n. 

N 6.7 6.7 6.6 

•Locdt 
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Thianearhanilieethffl Egter and arBr(>mUobutyriceihyl Hiter^ 
when heated for ten hours at ISO^-ISS"", gave a solid, which, 
when ciystallked from dilute alcohol, separated in the form of 
colorless prisms or pyramids and melted at 79^-81°. A nitro- 
gen determination shows that this compound is carbanilro^ 
thiouobutyrieeikyl e^ter, CeH,NHCO.SC(CH,),CO,C,Hg : 

CalooUted for «m»ji 

N b2 4.9 

This compound can be boiled with concentrated hydro- 
chloric acid and recovered unaltered* When o-bromiso- 
butyric acid and thioncarbanilicmethyl ester were heated as 
above, the only solid material isolated was aniline hydro- 
bromide. This crystallized in plates which darkened at 245^ 
and became black and melted with effervescence at about 
280^. A bromine determination gave 46.2 per cent; calcu- 
lated, 45.9 per cent. 

The following sulphocyan derivatives of the fatiy esters 
NCS— CHRCOjR', are obtained in good yields by boiling 
the corresponding o^halogen esters with potassium sulpho- 
cyanide in alcoholic solution. They are oils with a pene- 
trating, persistent, and, for the most part, disagreeable odor* 
They can be distilled unaltered under reduced pressure. 

The boiling-points which are given in the following experi- 
ments represent the temperatures at which the greater portion 
of the esters were collected. For the preparation of the 
sulphocyanides, in some cases, the bromesters were collected 
under wider limits than those given in the tables, the brom- 
esters being freshly prepared from Kahlbaum's acids by the 
Hell-Volhard-Zelinsky method. 

ExperimenU hy Leech JUUeheU. 

Methyl Stdphocyanaeetate, NCS.OH^COtCH^.—lb g. of 
methyl chloracetate, 80 g. of absolute alcohol, and 60 g. of 
potassium sulphocyanide, after boiling twenty-four hours, 
gave 88 g. of methyl sulphocyanacetate, boiling from 120^ to 
122° at 16 mm. pressure. 
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Ethyl Sulphocyanacetate boiled at 118^-122'' at 15 mm. 
piessure. Heintz,* who first prepared this ester, states that 
it boils in a vacuum at 180'' -200^, and Claesson found that it 
boils with partial decomposition at 225° at ordinary pressure. 

hoamyl StUphocyanaeetate boiled at 145^-147° at 17 mm. 
pressure, while Claesson found that it boils at 255° at ordinary 
pressure. 

a-fjir'Diketotetrahydrothiazole (mtutarcMl acetic acidj Ser^f' 

CH,CO 
dles9igsdure)j I >NH. — 88 g. of methyl sulphocyan- 
S-CO 

acetate and 76 g. of concentrated hydrochloric acid were 

boiled a few minutes until all the oil dissolved. The solution 

was then evaporated and the residue treated with benzene and 

filtered from ammonium chloride. The material dissolved by 

benzene was crystallized from water until it melted at 125°^ 

126°. In this manner 2 g. of ammonium chloride and 20 g. 

of a-/Miiketotetrahydrothiazole were obtained. This product 

is identical in every respect with that obtained by heating iso- 

amyl thioncarbamate with chloracetic acid as described above. 

Uxperiments by Ghiy K. DuBtin. 

Methyl a-Sulphocyanpropionatey CSi—OS.SCN.COtOH^. — 
This was prepared by boiling 57 g. of methyl o-brompropionate 
with one molecular proportion of potassium sulphocyanide and 
twice its weight of alcohol until a test with ferric chloride 
showed no potassium sulphocyanide. This required ten hours. 
After filtering and evaporating the alcohol, practically the 
entire product boiled at 104°-106° at 15-16 mm. pressure. 
The yield obtained was 34 g., while the calculated yield is 
46 g. 

Nitrogen determinations gave the following results: 

Calcttlated for Found. 

CANBOf L n. 

N 9.65 10.1 10.2 

The material was obtained as a colorless oil with a strong, 
peculiar, but not unpleasant, odor. 

• Loc. cit 
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Ethyl a^Sulphoctfanpropionate. — When 80 g. of ethyl 
ckbrompropionate were boiled with one molecular proportion 
of potassium sulphocyanide, it required two days before the 
action was complete. On distilling the reaction-product at 
16 mm. pressure it all boiled at 104° -110°, mostly at 107°- 
108°. The yield was 22 g., and an analysis of the colorless 
oil thus obtained gave: 

Oaknlatod f or «u.»ji 

OiHftirBOa. Wama. 

N 8.8 8.9 

laobutyl orSidphoeyanpropionate was obtained when 71 g. of 
isobutyl a-brompropionate was boiled in alcoholic solution with 
88 g. of potassium sulphocyanide. On distilling at 15 mm. 
pressure, 88 g. of clear, colorless oil, boiling at 180° -181° 
were collected, the odor of which was not unpleasant A 
nitrogen determination gave : 

OA»Eroo^ '"™*'* 

N 7.48 7.48 

lioamtfl a-Sulphoeyanpropionate was prepared by boiling 
87 g. of the bromester with potassium sulphocyanide and 
alcohol for seven hours. It boiled at 141.5° at 15 mm. pres- 
sure, and the yield was 67 g. It was thus obtained as a color- 
less oil, the odor of which was not unpleasant. A nitrogen 
determination gave : 

Oaleolated f or «u«.^ 

C^«N80r '"™*'* 

S 6.9 7.0 

When this oil is distilled at ordinary pressure, it boils with 
decomposition at 265°'-267°. 

The boiling-points of the o-brompropionic esters used in 
making the above sulphocyan derivatives were as follows : 

The methyl etter boiled at 51.5° at 19 mm. pressure. 

The ethyl eiter boiled %t 56° -58^ at 14 mm. pressure. 

The Uohutyl ester boiled at 79°-80'' at 14 mm. pressure. 

The Uoamyl ester boiled at 99° -100° at 16 mm. pressure. 
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CH,.CH-<50 
fi-Methyl orf^DikeMetrakjfdnahUuole^ | >NH. 

S CO 

— The best yield of Uiis substance was obtained from the 
methyl ester. 11 g. of methyl o-snlphocyanpropionate and 
15 g. of concentrated hydrochloric acid were mixed and evapo- 
rated to dryness on the steam-bath. Benzene then removed 
0.6 g. of ammonium chloride, and 7.8 g. of crude thiazole were 
obtained. This, when crystallized from a mixture of benzene 
and ligro'in, separated in the form of colorless leaves and melted 
at 46"^ -47'', and nitrogen determinations gave the following: 

Gileoltttodfor Voaid. 

CANSO.. L n. 

N ..... 10.6 10.5 10.5 

On distilling it at 20 nmx. pressure it boiled, for the most 
part, from 165'' to leS''. Silver nitrate added to the alkaline 
solution of this substance produces a bulky, white, but not 
gelatinous, precipitate of the silver salt. It is decomposed by 
warm water. 

HxperimenU by Harry LeB. Oray. 

Methyl orSulphocyanuobutyrate, (JJE^i^CSCKCO^CH^^ 
was obtained in a similar manner to the preceding sulphocyan- 
ides as a heavy, colorless oil having a disagreeable, penetrat- 
ing odor. It boiled for the most part from lOl'' to 102'' at 
17 mm. pressure. This fraction was analyzed with the follow- 
ing result: 

N 8.8 8.9 

Ethyl orSvlphocyanuohUyraU resembles the methyl ester 
in properties. The greater portion boiled at lll''-115'' at 
22 mm. pressure. A nitrogen determination gave : 

CtHuHBO.. "^"^ 

N 8.09 • 8.68 

liobutyl orSulphocyanisobntyrate. — The product in this case, 
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after several disidllataons, boiled at 182''-188'' at 21 mm. 
pressure. This fraction gave the following result on analysis : 



pioonda 



Oalmliitodlor 
C»HuirBOr 

N 6.96 6.90 



lioamyl a'Sfdpho€tfanisolnU;yratef on fractioning, boiled at 
186.5^-186.5"^ at 16 mm. pressure. A nitrogen determination 
gave: 

C«ft,NBO^ ™'^ 

N .6.6 7.1 

This material, like the preceding, is a colorless oil with a 
penetrating, disagreeable odor. 

The boiling-points of the orbromisobuiyric esters used in 
making the above sulphocyan derivatives were as follows: 

The methyl e$ter boiled at 51**-62** at 19 nun. pressure. 

The ethyl ester boiled at 70''-71'' at 20 mm. pressure. 

The isobutyl eHer boiled at 83^-86^ at 16 nmi. pressure. 

The isoamyl enter boiled at 107*^-108** at 26 mm. pressure. 

^Dimethyl orfif-Diketotetrahydrothiazole^ 

Lc^"'- 

The best yield of this substance was obtained from the methyl 
ester; the amyl ester faQed to give the compound. 14 g. of 
methyl o-sulphocyanisobutTrate were mixed with 20 c. c. 
concentrated hydrochloric acid and heated on the steam-bath 
for about one hour. The reaction is complete when no more 
oil remains on the sur&use of the Uquid. The solution, when 
evaporated, gave Ig. of ammonium chloride, the remaining 
material being the thiazole derivative^ This crystallizes from 
water in enormously lengthened, colored prisms, one crystal 
.being obtained that measured 81 nun. long and 1.6 mm. in 
diameter. It melts at 79^-80°, and a nitrogen determination 
gave: 

CaUmtofted for «u«.^ 

CbH^HBO,. ™»^- 

N 9.66 9.87 
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ExperimentB hy Hmry A. North. 

Methyl a-SulpJioeyanbutyraU, CtE^CH.SON.COtCE^.— 
This was obtained as a colorless oil boiling at 125'' at 28 mm. 
pressure, and a nitrogen determination gaye the following 
result: 

Oriaolitedfor «. . 

GsBaNBOk. «m«. 

N 8.8 8.6 

Ethyl a-Sidphoeyanbutyrate. — On mixing 100 g. of the 
bromester, 49.6 g. of potassium sulphocyanide, and 200 c. c. 
of alcohol, and boiling for twelve hours, somewhat more than 
65 g. of a clear, colorless oil was obtained. This boiled from 
134'' to 186'' at 28 mm. pressure. Like the other members of 
this series, it has a strong, unpleasant, extremely persistent 
odor. A nitrogen determination gave the following result: 

N 8.09 8.35 

Isoamyl orSulphocyanhutyrate was obtained as a colorless oil 
which, after fractionation, boiled from 158^ to 160® at 28 mm. 
pressure. A nitrogen determination gaye : 

Oaleiilated for «>■,.,_, 

OmH„N80|. "^"^ 

N 6.51 6.37 

The boiling-points of the a-brom normal butyric esters used 
in making the above sulphocyan derivatives were as follows : 

The methyl ester boiled at 67''-72'' at 25 mm. pressure. 

The ethyl eeter boiled at 68^ -69"^ at 19 mm. pressure. 

The iosamyl e%ter boiled at 110.5^-118.5'' at 19 nmi. 
pressure. 

fi-JEthyl arf^Dzketotetrahydrothiazohy CtRgCff—CO\ 

This is best obtained from the methyl or ethyl esters. On 
warming these with concentrated hydrochloric acid, until 
solution took place and then evaporating, a colorless oil was 
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obtained which solidified on cooling. When ciystallized from 
a mixture of benzene and ligroln, six-sided prisms separated 
which finally melted from 68° to 65'', and a nitrogen determi- 
nation gave the following result : 

N 9.65 9.68 

Experiments hy W. S. BuelL 

Methyl orSulphocyanieovalerianatey (Cn^%0n—0n.SCN. 
COtCH^. — 89 g. of lie bromester, 78 g. of alcohol, and 19.4 g. 
of potassium sulphocyanide, warmed on the water-bath for 
two days, gave 14 g. of colorless oil boiling from 119° to 
121.5° at 28 mm. pressure. It has a peculiar penetrating 
unpleasant odor. A nitrogen determination gave: 

Oaleolftted for ^„„„i 

CrHuHBOr "^"^ 

N 8.09 8.36 

Ethyl a'8vlphocyan%s(n)aleria7uxte. — 88 g. of the bromester, 
40.8 g. of potassium sulphocyanide and 176 g. of alcohol were 
boiled for three days. On fractioning, 84 g. of ester were 
obtained, boUing from 126° to 128° at 19 nmu pressure. 
This was analyzed with the following result: 

Oalcolated for «u«.^ 

OtHuNBO,. ''"■^ 

N 7.48 7.86 

liobutyl orStdphoeyanisovalerianate. — 55 g. of the brom- 
ester, 22.5 g. of potassium sulphocyanide and 110 g. of alcohol 
gave 19 g. of oil, boiling, for the most part, from 145° to 147° 
at 19 mm. pressure. This gave the following result on 
analysis: 

N 6.6 6.8 

This ester, like the above, had a strong, peculiar odor 
which, perhaps, was not unpleasant. 
lioamyl orSuJphocyanuovdlertanate. — 105 g. of the bron^ 
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ester, 210 g. of alcohol and 40.6 g. of potamJum snli^ocTanide 
gaTB a colorless oil with a disagreeable odor after boiling for 
two days. The greater portion of this boiled from 151** to 
152^ to 14 mm« pressure and a nitrogen detennination gave 
the following result: 



N, 



CuBuno^ 
. 6.11 



&32 



The boiling-points of the o-bromisoyalerianic esters used in 
making the above sulphocyan derivatives were as follows : 

The methyl eMter boiled at 174''-182^ at 760 mm. pressure. 

The ethyl etter boiled at 186''-187'' at 764 mm. piessure. 

The UobtUyl etter boiled at 105''-108'' at 17 mm. pressure. 

The Uoamyl uter boiled at 113''-114'' at 16 mm. pressure. 

When the above sulphocyanic esters were boiled with 
hydrochloric acid, the products were oils in each case. The 
ethyl ester gave a product which solidified in a freddng-mix- 
ture, but, on attempting to crystallize it, or on removing it 
from the freezing-mixture, it became liquid, and, on attempt- 
ing to distil it under diminished pressure, it decomposed. 

For convenience of reference, the boiliog-pointB of the 
sulphocyanic esters, described by us, are collected in the 
following table : 



Methyl arSu^hocyanacetate 


faOB. 

16 


120'»-122"» 


Ethyl " . 


15 


118°-122'' 


Itoamyl « 


17 


145»-14r 


Methyl a-Su^hocyar^propionaU 


15-16 


lOi'-KW" 


Ethyl « 


16 


10r-108» 


leobutyl « 


16 


130--181' 


Jsoamyl " 


15 


141-5° 


Methyl a-Sulphooyanieo^u^frate 


17 


101'»-102» 


Ethyl " 


22 


111»-116» 


Isobutyl « 


21 


182°-133» 


boamyl " 


16 


135.5°-136.5"» 




23 


125" 


Ethyl " 


28 


isi'-iae" 
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BflfHng'POliit. 

I9wxmyl arSulphoeyanbtayrate 23 ISS^'-IW 

Jtlethyl arSulphoei/anisavalerianate 23 119''-121.6'' 

Ethyl « 19 126^-128^ 

Isolnayl " 19 146*>-147° 

Isoamyl « 14 161°-162° 

Nxw Hatbit, April 8» 1900. 
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ON UREAIMIDO.ESTERS,THIOUREAIMIDO-ESTERS, 

ACYLTHIOUREAIMIDO-ESTERS, AND 

UREAAMIDINES.* 

[Prbuminaby Paper.] 

Bt HENBT L. WHEELEB and w. mubbat sandebs. 

REPBESENTATIVE8 of new classes of compounds, isomeric or 
metameric with the acylpseudourea ethers, acylpseudothiourea 
ethers, and diacylpseudothiourea ethers, can be prepared by 
combining isocyanates, mustard oils, and acyl rhodanides with 
imido-esters. The imido-esters immediately combine with 
phenyl isocyanate, at ordinary temperatures, giving a quanti- 
tative yield of an addition-product as follows: 

\0R ^OR 

This class of compounds, perhaps, may be called ureaimido- 
esters or carbamidimido-esters, since they have the structure 
of imido-esters and ureas combined. They are extremely 
sensitiye towards hydrogen cliloride, by which reagent, just as 
the acylpseudourea ethers f (II) they are readily and quantita- 
tively converted in the cold, with loss of alkyl chloride, into 
acylureas. This reaction with these two classes of compounds 

proceeds as follows: 

L n. 

C.H,C=NCONHCeH, CeHeCON=C~NHCeHg 

\ \ 

OR OR 

+ HCl-RCl -h HCl-RCl 

-► CaH,CONHCONHC«He ^ 

It wiU be noticed that the imido-ester groupings in the 
different positions in these isomers are a£Eected alike, inasmuch 

* Jour. Amer. Chem. Soc., xzii, No. 7. 
t Stieglitz and Dains, Ibid., xzi, ISO. 
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as nnder similar conditions both compounds giye with hydrogen 
chloride the same derivatiye, benzoylphenylxirea. The urea- 
imido-esters (I) readily react with aniline, at the temperature 
of the steam-bath, and ureaamidines are formed as follows : 

m. 
.NCONHCeH, .NCONHCeH. 

CeHsCf +H,NC.Hi = CHjCf + ROH. 

^0» ^NHCeH, 

Whether the structure shown in formula III or the tauto- 
meric form is to be assigned to these amidines must be decided 
later. These amidines have little or no basic properties. 

The mustard oils, phenyl mustard oil and allyl mustard oil, 
react less energetically than phenyl isocyanate with the imido- 
esters. On long standing or on warming, the mixtures deposit 
crystals. These compounds, for which the name thioureaimido- 
esters (IV) is proposed, are closely similar to the above oxygen 
analogues, since with hydrogen chloride, under similar con- 
ditions, they readily separate alkyl chloride and give the 
corresponding acylthioureas. The mechanism of the reaction 
is as f oUo ws : 

IV. 
^CSNHCeHg y NHCSNHQH, 

CeHsCf^ ->C.H.cfci 

-^ C.H.CONHCSNHC.Hg 

+ RCL 

The isomeric acylpseudothiourea ethers and the diacylpseudo- 
thiourea ethers apparently have not yet been prepared, so that 
a comparison of the behavior of these compounds with the 
thioureaimido-ester derivatives must be deferred to a later 
date. 

When the thioureaimido-esters are wanned with aniline, and 
other organic bases, thioureas are formed. The imido-esters 
combine with acetyl and benzoyl thiocyanates with evolution 
of heat, the mixtures readily solidifying. Acylthioureaimido 
esters (V) are then produced, as follows: 
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V, 

CAcf + CSN.COCA = cja,cf 

These compounds are formed more readily thaa the above, 

and they are far more unstable than the thioureaimido-esters. 

When they are warmed with hydrochloric add, they decompose 

in a different manner from the other types of ureaimido-esters. 

A monoacylthiourea, and not a diacyl derivative, is obtained* 

The decomposition under this treatment takes place at the 

double imion as follows: 

VL 

X.NC8NHC0CA yyO 

C.HgCf + H,0 = C.H,cr + H»NCSNHCOC.H,. 

OB OB 

What appears to be the nearest known analogue to a metamer 
of the above or dibenzoylpseudothiourea ether is the ethyliso- 

dicarbethoxyurea, C,HgO.GON=C<jQ^H^«^S of Dains.* 

This compound is also very sensitive towards hydrogen chlo- 
ride ; however, it does not separate at the double union^ like 
the above, but decomposes with the evolution of ethyl chlo- 
ride, giving the diacylurea, Cja,OCONHCONHCO.OC,Hi, 
The ease with which the ureaunido esters decompose with 
hydrochloric acid, without forming a stable intermediate addi- 
tion product or **salt," recalls the perfectiy analogous behavior 
of the acyIunido-esters.t In the case of the latter, tiie above 
two reactions with hydrogen chloride were also observed* The 
properties of the ureaimido^sters, in general, approach more 
nearly to those of the acylimido-esters than to those of other 
types of imido-esters. 

When the acylthioureaimido-esters are treated with aniline, 
toluidine, etc., thioureas are formed. 

The action of phenylhydrazine on the acylthiouieaimido 
esters seemed theoretically promising for the preparation of 

• Loc. cit 

t Wheeler, Walden and Metcalf , Amer. Chem. Jour., six, 129 and zx, 04. 
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triazole deriyatives ; but it appears, from preliminary experi- 
ments, that, although hydrogen sulphide is evolved in this 
treatment, triazoles do not result, at least not as the chief 
product. The hydrogen sulphide, first formed, decomposes a 
part of the ureaimido ester, giving benzoylthiourea, etc. 

Experiments in this laboratory by Dr. Bayard Barnes have 
shown that the acylphenylthioureas react with aniline and 
phenylhydrazine with the removal of the acyl group. With 
phenylhydrazine no triazole derivative was obtained. Similar 
results were obtained with the acylphenylurethanes, acetyl- 
phenylurethane, formylphenylurethane,* and acetylphenylthio- 
urethane. It is probable that other diacylanilides will be 
found to act similarly. On the other hand, those acylurethanes 
which do not contain a phenyl group such as acetylurethane,t 
acetyl- and benzoylthionurethane, give triazole derivatives. 
Dr. Barnes has also found that carbethoxythionurethane of 
Delitschf readily reacts with phenylhydrazine as follows: 

IX. 

C;B[;S:|CONHCjSnOCA -► OC - NH - C.OC,Hg 

©•hJ 



» i ^ ""i - ft 



That the compound formed in this reaction is l-phenyl-8- 
ethoxy-5-triazolon, and that it has the structure represented by 
formula IX, is shown by its behavior on boiling with strong 
hydrochloric acid, whereupon it is converted into Pinner's § 
urazole, (X): 

X. 

OC-NH-C.OC,H, OC-NH-CO 

CeH,N - N "* CeH^N - NH 

The process which in general serves for the preparation of 
simple or monosubstituted ureas and thioureas, and which con- 
sists of treating a salt of an amine with potassium cyanate or 
thiocyanate, does not lead to the formation of the prototypes 

* Wheeler and Metcalf » Amer. Chem. Jour., six, 217. 

t Andreocd, Ber. d. chem. Qes., zxii, B. 737; Ibid., zxIt, R., 203. 

X J. prakt. Chem., x, 118. { Ber. d. chem. Get., zzi, 1219. 
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of the above urea derivatiyes, when applied to the salts of the 
imido-esters. This fact seems to the writer to be a strong 
argument in support of the theory of Stieglitz that the salts 
of the imido-esters are not ammonium derivatives, but that 

they are derived from the form EC^— CI, etc. In fact, the 

properties of the cyanic and thiocyanic acid salts do not agree 
with those which would be expected for salts having an 
ammoniimi structure. 

When ice-cold solutions of benzimidoisobutyl ester hydro- 
cliloride and potassium cyanate, in molecular proportions, are 
mixed together, a mass of well-crystallized, colorless prisms 
separates. If an attempt is made to filter these at ordinary 
temperature, they rapidly decompose, giving off a gas (COj) 
and completely liquefymg. Owing to the unstable nature of 
this salt, which is imdoubtedly a cyanate, it was not examined 
further. On the other hand, the corresponding thiocyanic salt 
is far more stable. It can be prepared, at ordinary temper- 
ature, by mixing solutions of the imido-ester hydrochloride 
with potassium tiiiocyanate, whereupon a bulky mass of color- 
less prisms or needles separates. This salt has the structure 
represented by formula XI, and all attempts to rearrange it 
into the metameric thioureaLtnido ester (XII) failed. 

XI, xn. 

^NH, .NCSNH, 

CeH,C— SCN CeHeC^ 

When this salt is warmed in aqueous solution, it dissolves, 
but the solution almost immediately becomes turbid and an oil 
(isobutyl benzoate) separates. On evaporating to dryness, 
nothing but ammonium thiocyanate is obtained. The decom- 
position then proceeds as follows : 

C«H,C~SCN + HjO = CeH,CO.OC4H9 + NH4SCN. 
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If the dry salt is heated above its melting-point, it decom- 
poses smootiily as follows: 

CeH,C-jSCN "1 -► C.HeCO-NH, + CASCN. 

It will be noticed that these reactions are analogous in eveiy 
respect to those of the hydrocliloric acid salts of the imido* 
esters. 

Experimental Part. 

PhenylureaimidoisohUtfl Benzoate, C^^C/^^„ • *. — 

Phenyl isocyanate (8.4 g.) and benzimidoisobutyl ester (10 g.) 
combined with evolution of heat, and the mixture solidified to 
a white mass. When this was crystallized from alcohol, color- 
less prisms were obtained which melted from 99** to 100"^. A 
nitrogen determination gave : 

C«H»N,0^ ^"""^ 

N 9.4 9.1 

Action toith Hydrogen Chloride. — Some of the above 
material was dissolved in benzene, and the solution was satu- 
rated with hydrogen chloride, whereupon colorless prisms 
separated, melting at about 200^. This material proved to be 
Bemoylphenylurea, C^H,CONHCONHC^H^ which crystal- 
lized from alcohol in long silky needles, and on boiling it 
with sodium hydroxide it gave phenylurea. 

The extreme sensitiveness of compounds of this type to- 
ward hydrochloric acid was shown by the &ct that it was 
found to be impossible to isolate ureaimido^sters from benz- 
imidomethyl, ethyl, and phenylacetimidomethyl esters and 
phenyl isocyanate, if the latter contained phosphorus oxy- 
chloride. Under these conditions the benzimido-esters gave 
benzoylphenylurea, while phenylacetimidomethyl ester gave 
a compound very difficultiy soluble in alcohoL It crystallized 
in the form of needles and melted at 166% and a nitrogen 
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deteimination showed that it was pKmylaeetylphenylurea^ 
CeH,CH,CONHCONHC.H, : 

N 11.0 11.0 

Aetion with Aniline. - - Phenylureaimidoisobutyl benzoate 
(2 g.) and aniline (0.6 g.) were mixed in benzene and warmed 
on the water-bath, whereupon a substance separated in granular 
crystals. It was found to be veiy difficultly soluble in alcohol 
Ca property of ureaamidines which is general as far as we 
have observed), and on boiling with alcohol it melted at 
179*'-180^ A nitrogen determination agreed with the figures 
calculated for bensenylpKenylureaphenylamidine^ G^H^NH— 
(CeH,)C==NCONHC,H^ 



Ifor 

N 13.3 13.0 

This amidine is insoluble in dilute hydrochloric acid, and 
no hydrochloric acid salt was obtained when the material was 
dissolved in benzene and saturated with hydrogen chloride. 
It is insoluble in alkali. 

FhenyltMaureaimidamethyl Benzoate^ f^t^s^^Qpo * ** 

— Equal quantities of benzimidomethyl ester and phenyl mus- 
tard oil (5 g. of each) were mixed and kept at a temperature 
of about 60^^-70** for two days. On cooling, then, the mixture 
solidified almost completely. In each of the experiments with 
phenyl mustard oil and the imido-esters, a yellow mixture 
resulted, although the ingredients before mixing were colorless. 
On ciystallizing from alcohol, beautiful colorless or cream- 
colored lozengenghaped tables were obtained which melted 
sharply at 132''. Tlie material is readily soluble in benzene 
and hot alcohol, difficultly in cold alcohol, and a nitrogen 
determination gave: 

OalcQlatadfor «,.,^ 

OuBuN^OS. raaaa. 

N 10.37 lOJUd 
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When this compound was treated with cold dilute hydro- 
chloric acid, in which it is insoluble, little or no action was 
observed after two days' standing. When a little alcohol was 
added and the whole was warmed, effervescence took place, 
methyl chloride was evolved, and, on cooling, the long char- 
acteristic colorless needles of benzoylphmylthiourea^ CJAfjO 
NHCSNHCeHg, were obtained, melting at about 148''. 

Fhenylthiaureatm%ao€thyl Bemoate^ ^•^*^\nr B 

— Benzimidoethylester (5 g.) and phenyl mustard oil (4.6 g.) 
gave a yellow oil directly on mixing. After two days the 
material solidified to a glistening mass of flattened prisms or 
tables, and on crystallizing from alcohol it separated in the 
form of cream-colored tables, and it melted sharply at \1V^. 
These thioureaimido esters, in general, show a great tendency 
to crystallize. A nitrogen determination gave : 

N 9.8 9.7 

When treated with hydrochloric acid, it behaved precisely 
like the methyl ester, and benzoylphenylthiourea was obtained. 

PhenylthumreaUobutyl Bemoatey ^t^^^\t\n^ * *• — 

Benzimidoisobutyl ester (5 g.) and phenyl mustard oil (8.8 g.) 
behaved, on mixing and standing, precisely like the above. 
When crystallized from alcohol, it forms large, stout tables, 
and it melts at 125^. A nitrogen determination gave: 

CalenlMtod for «v»hi4 

N 8.9 8.9 

When this was treated with hydrochloric acid and warmed, 
benzoylphenylthiourea was obtained. 

When 2 g. of this imido-ester were warmed on the water- 
bath with aqueous-alcoholic ammonia for a number of hours 
and then allowed to cool, colorless crystals separated, melt- 
ing at ISl^'-lSS'^. A nitrogen determination gave 18.6 per 
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cent, while the calculated for benzenylphenjlthiourea amidine 
is 27.0 per cent, and that for phenylthiouiea, which melts at 
154^9 is 18.4 per cent. The material, in &ct, had the bitter 
taste and other properties of phenyUhiawrea, 

When this thioureaimido-ester was treated with methyl 
iodide, a varmsh was obtained which crystallized after long 
standing. 

Phenylthioureaisobutyl benzoate readily reacts with phenyl 
hydrazine, giving off hydrogen sulphide, and it gives a com- 
pound which crystallizes in plates when treated with benzoyl 
chloride. These reactions vnll receive more thorough atten- 
tion later. 

AeetyUhiourecMfnidoUobutyl Benzoatej 

Benzimidoisobutyl ester and acetyl thiocyanate combine with 
evolution of considerable heat and, on cooling, the mixture 
completely solidifies, whereupon, on crystallizing from alcohol, 
colorless needles are obtained which melt at 125**-126°. A 
nitrogen determination gave : 

Calenlated for wtm^mA 

N 10.0 9.9 

When this imido-ester was treated in alcohoUc solution 
with hydrogen chloride, a compound was obtained, melt- 
ing at 166^, which had all the properties of aeetylthiaurea^ 
CH,CONHCSNH,. 

With phenylhydrazine it evolves hydrogen sulphide, and on 

crystallizing the product from alcohol acetylthiourea separates. 

Bemoylthioureaimidoethyl Benzoate^ 

/yNCSNHCOC,H, 

When benzimidoethyl ester (6.1 g.) was mixed with 5.6 g. of 
benzoyl sulphocyanate, the mixture completely solidified. On 
crystallizing from alcohol, needles were obtained which melted 
at 181^-182^, and on analysis the following result was 
obtained : 
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Ctlonlatod for vo«,wi 

N 8.9 8.8 



When this imido-ester was wanned with phenylhydiazine, 
the only crystalline material obtained was benzoylthiourea. 
Benzoylthi(mrea%midoiBohutyl Bemoate^ 

When benzimidoisobutyl ester (10 g.) and benzoyl sulpho- 
cyanate (7.4 g.) were mixed, considerable heat was evolved 
and the mass solidified. When this was crystallized from 
alcohol, colorless needles, melting at 120% were obtained. A 
nitrogen determination gave: 

Calonlatod far va»..4 

C,AdN,0,8. '^^"^ 

N 8.2 8.4 

When this imido-ester was treated with hydrogen chloride in 
benzene solution, henzoylthiourea^ melting at 169°-170°, was 
obtained. Apparently this same compound was obtained when 
the ester was treated with ammonia, phenylhydrazine, and with 
benzoyl chloride. These results show the great tendency this 
ester has to separate at the double bond. 

Benzoylth%oureaim%d(n9ohUyl Benzoate Methyl Iodide^ 

CfPfi>. CHJ[ • — 

The above imido-ester and methyl iodide combine in benzene 
solution to form a compound containing iodine and which 
crystallizes from alcohol in weU-developed, colorless prisms 
melting at 204^-205°. A nitrogen determination gave: 

Oalonlated for «/«m^ 

CjoHaNiOjSL vomA. 

N 6.7 -6.7 

BenzoyUhioureaimidomethylphenyl Acetate, 

When phenylacetimidomethyl ester (6.6 g.) was treated with 
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benzoylthiocyanate (5 g.), the mixtnie solidified immediately. 
It was ciystallized from alcohol, and obtained in the foim of 
colorless needles melting at 116''-117^ A nitrogen determi- 
nation gave: 



CirHttir,Oia 

N 8.9 9.3 

When this imido-ester was treated with phenylhydiazine, 
hydrogen sulphide was evolyed, but the product, on ciystalliz* 
ing from alcohol, was neither an amidine nor a triasole. It 
contained 15.4 per cent of nitrogen, while the calculated for 
hemoyUMourea is 15.5 per cent. It agreed in all ifs properties 
with the acylthiourea.. 

Benzoylthioureaimidaethylphenyl AeetaUy 

was prepared from phenylacetimidoethyl ester. It forms 
colorless needles from alcohol which melt from 140^ to 141^. 
When treated with hydrogen chloride in alcoholic solution, 
it gave small prismatic crystals, melting at 169^-170'', and 
a nitrogen determination agreed with the calculated for 
benzoylthiourea : 



N 15.5 15.6 

The Thiocyanic Acid Salt of BenzimidaisobtUyl Eiter^ 

C^,C^SGN , 

is readily formed on mixing aqueous solutions of the imido- 
ester hydrochloride and potassium cyanate. It then separates 
as a mass of colorless needles or prisms which are quite dijfi- 
cultiy soluble in water. It melts at about 180^. A portion 
dried in a desiccator over calcium chloride and then for a few 
minutes at GO^^-TO** gave the following results on analysis: 

N 11.8 1L9 



Digitized by 



Google 



ON UREAIMIDO-ESTERS, ETC. 817 

. Its reaction with iron chloride and with alkali showed that 
this material was a salt of the imido-ester and not the isomeric 
thionreaimidoisobiilyl benzoate. It decomposes on warming 
with water, smoothly, into ammonium thiocyanate and isobuiyl 
benzoate, and when heated above its melting-point it gives 
benzamide and isobutyl thiocyanate. 

Experiments by Bayard Bamee. 

OarhethaxytManearbamie Eetevj OtE^OOONffOS.OO^g.— 
This was prepared according to the directions of Delitsch; * 
when purified by means of its potassium salt, it was found to 
boil unaltered at 1ZS° at 18 mm. pressure. It melts at 44^. 

OO-NH'C.OC^S. 

l-PhenylS-e^axy^triazolcne^ 0%H^^N^ was obtained when 
the above carbamic ester (15 g.) was heated with phenyl- 
hydrazine (9 g.) on the steam-bath. After the evolution of 
hydrogen sulphide and alcohol had ceased, the material was 
crystallized from hot water, whereupon colorless needles, melt- 
ing at 150''-151^, were obtained. This material was soluble 
in alkali and was precipitated unaltered by acids. It contained 
no sulphur, and on analysis the following results were obtained: 

C 68.5 68.9 

H 6.2 6.3 

N 20.6 20.4 

When this compound was boiled for some time with con- 
centrated hydrochloric acid and alcohol, colorless plates were 
obtained, which melted at 268% showing signs of melting at 
255^. For purposes of comparison Pumer'sf urazole was 
prepared, and it was found to be identical with the above. 

Aeetylphenylurethane, OH^O0(^C.Hg)NO0.0OtH^. — 10 g. 
of phenylurethane were boiled with an equal weight of acetic 
anhydride for several hours, whereupon, on pouring into water, 
unaltered urethane was obtained. Acetyl chloride was then 

• J. prakt Chem., z, lia t Loc. dt 
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added and boiled for about one hour. Then about one-half of 
the solution was distilled off at oidinaiy pressure, and the 
remainder at 10 mm. pressure, whereupon the material practi- 
cally all boiled at 142''-148''. It was thus obtained as a 
colorless oil which, like formylphenylurethane, refused to 
solidify on cooling. A nitrogen determination gave : 

OuHuNOr *!»«». 

N 6.7 7^ 

When this compound was gently warmed with phenyl* 
hydrazine and the product was ciystallized from benzene, 
colorless plates, melting at 128^, were obtained. The follow- 
ing nitrogen determination showed that this material was not 
a triazole derivative, but rather acetylphenylhydrazine : 

OalcoUtad far «m»w1 

N 18.6 18.0 

The action of phenylhydrazine on Hugershofifs* acetyl- 
phenylthioearbamide, CH,CONHCSNHC.H,, melting at 139^ 
although some hydrogen sulphide was evolved, did not lead 
to the formation of a triazole derivative, at least not as the 
chief product The material that separated, on crystallizing 
from alcohol, formed large, fournsided plates melting at 153^ 
and having all the properties of phmyUhiaurea. In other 
words, the action of phenylhydrazine, in this case, removes the 
acetyl group. 

Nbw Hatxh, Hay 29, 1000. 

• Ber. d. chem. Qe»., xzzii, 986S. 
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ON THE BEHAVIOR OP ACYLTHIONCARBAMIO 
ESTERS WITH ALKYL IODIDES AND AMINES: 
BENZOYLIMIDOTHIOCARBONIC ESTERS, ACY- 
CLIC BENZOYLPSEUDOUREAS AND BENZOYL- 
UREAS- 

Bt HENBY L. WHEELEB AMD TBEAT B. JOHNSON. 

In this paper we describe the results of an examination of 
some acetyl and benzoyl thioncarbamic esters as regards 
their behavior with alkyl iodides and with organic bases. 
This examination led us to the investigation of a series of 

SR 

benzoylimidothiocarbonic esters, C^aCO— N=C<q^, acyl- 

pseudourea ethers, C^H^CO— N=C<qj^ , and benzoylureas, 

CeH^CONHCONRR', a preliminary account of which is also 
given. 

The acylthioncarbamic esters are prepared by the union of 
acyl rhodanides with alcohols : 

ECO-NCS + HOCH, = RCO-NHCS.OCH,.t 

We find that these compounds have little tendency to undergo 
molecular rearrangement with alkyl iodides, a fact which is 
probably due to the negative character of the molecules. We 
observe that a rearrangement took place only in the case of 
the acetyl and benzoyl methyl esters when warmed, within 
narrow limits, with methyl iodide : 

L n. 

CH,C0-NHC8.0CH, -► CH,CONHCO.SCH,. 

The same thiol compound (H) was obtained by warming 
methyl thiolcarbamate, H,NCO.SCH„ with acetic anhydride 

* Amer. Chem. Jour., zzir, No. S. 

t Miqoel, Ann. ChUn. Phys., 1877 [Q, zi, 8ia 
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on the n^ter-bath, in tihe same way that Andieocci * f onnd that 
xanthogenitmide may be acetylated^ this being the best method 
for the preparation of the acetylthioncarbamic estera. 

These results show that the compounds formed by the 
union of acyl rhodanides with alcohols have the thion struc- 
ture (I) which was assigned to them by Miquel f and Dixon,| 
and not the thiol structure as represented^ subject to interro- 
gation, in Beilstein's *^ Handbuch." § 

We find that methyl benzoylthioncarbamate reacts more 
readily with chloracetic acid than with alkyl iodides, giving 
benzoylcarbaminthioglycoUic acid : 

CJH.CONHCS.OCH. -> CeH,CONHCO.SCH,CO,H. 

In previous papers it has been shown that such thioncaiv 
bamic esters as have a more or less positive nature, || especially 
the phenylthioncarbazinic esters, 

CeH,NH-NHC8.0CH„T 

readily react with alkyl halides and with compounds of a nega- 
tive character ; while, on the other hand, with organic bases 
they proved to be quite inert 

We now find in th^ case of the negative benzoylthioncar^ 
hemic esters, C^^CO-NHCS.OR, that the behavior is pre- 
cisely the reverse. These compounds react with anmionia 
and organic bases at ordinaiy temperatures, but the course of 
the reaction is not what might, perhaps, be expected, since a 
smooth direct replacement^ as represented by the following 
equation, does not take place: 

QeH,CONHCS.|()C^ 

We find,, instead of this, that the benzoylthioncarbamic esters 
unite with one molecule of a primaiy or secondaiy oiganic base, 

• Ber. d. chem. Ges., zzr, B. 64a 

t Loc dt 

X J. Chem. 8oc. (London), 1889^ cocbcxTiiL 

8 Dritte AnfUge, II, p. 1181. 

H Wheeler and Bamet, Amer. Chem. Joor.* xadi» 14L 

t Ibid. 
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are best repie- 



,SH 



giving addition-products, which, we believe, are 
sented by the general formula A. 

H /^^ 
CeH,CO-NHCS.OCH, + HNEE' = CeH,CO-N-C— NEB'. 

OCH, 

The crude addition-products in most cases appear to be oils 
or Tarnishes which decompose more or less readily. We have 
isolated two examples of these, however, and in one case the 
product is a solid. An addition-product, as represented here, 
might be expected to decompose, on warming or on standing, 
in at least seven different ways, giving the following com- 
pounds or their decomposition-products: 



CeH.CO-rN-C— NRR' 



CeH,CON=C <2J^' + H,S (1) 

CeH,CONHCONRR' + CH,8H (2) 
CeH^CONHCSNRR' + CH,OH (3) 
C,H,CONRR' + H^CS.OCH, (4) 
CeH^CONH, + CH,OCSNRR' (6) 
CjH^CONHCS.OCH, + HNRR' (6) 
C.H,CO.OCH, + H^CSNRR' (7) 

As a matter of fact, we have obtained examples of the first 
six of these modes of decomposition. The ease and manner 
in which the addition-products decompose depend mostly on 
the character of the amine radicals R and R', and it may be 
stated that the above decompositions probably do not all take 
place in a single experiment. Grenerally, only two or three 
of them occur simultaneously. The most widely observed are 
represented by reactions (1) and (2), while of 18 amines 
which were allowed to act on benzoylmethyl and ethylthion- 
carbamic esters, reaction (3) was found to take place in quan- 
tity in only one instance. 

For example, alcoholic ammonia reacts with ethyl benzoyl- 
thioncarbamate almost quantitatively according to (1). The 
aryl amines, aniline, toluidine, xylidine, o-naphthylamine, etc., 

TOL. 11. — 21 
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and also benzylamine, react mosUy according to (1) and to a 
less extent as represented by (2). A considerable evolution 
of hydrogen sulphide takes place (1), while mercaptan (2) is 
also noticed, and the corresponding benzoyl arylureas are 
easily isolated in a state of purity. The presence of benzoyl- 
pseudourea ethers (1) was established as shown below. 

Diisobutylamine reacts with methyl benzoylthioncarbamate 
according to (1), (2), (8), and (4). On heating a mixture of 
these substances, which in the cold forms a varnish, hydrogen 
sulphide, mercaptan, and alcohol were evolved. The presence of 

benzoylpseudomethyldiisobutylurea, CeH,CO-N=C<Q^^^*\ 

was established, and benzoyldiisobutylthiourea and diisobutyl- 
benzamide were isolated. 

Ethyl acetylthioncarbamate reacts with aniline, on warming, 
mostly according to (4), and /8-naphthylamine was observed 
to behave in a similar manner with the benzoylmethyl ester. 

Diisoamylamine unites with methyl benzoylthioncarbamate 
giving an example of the addition-product A, which is a 
solid at ordinary temperatures. The ester and amine combine 
when mixed in molecular proportions, with evolution of heat, 
but no gas is given off until the addition-product is heated to 
al)out 80°, the decomposition then proceeding chiefly accord- 
ing to (6) and (1). Hydrogen sulphide is evolved and 
benzamide (5) and diamylamine are obtained as the chief 
products of the reaction. The same products are obtained 
when hydrogen sulphide is passed into benzoylpseudomethyl- 

diisoamylurea, C«H,CO-N=C<:^^§^*^*, at 60^ The fact 

that the pseudourea ether is not obtained here, at least not as 
the chief product, is therefore explained. The presence of 
diisoamylthiourethane was looked for, but it was not found. 
When this addition-product is allowed to stand over sulphuric 
acid, a slow decomposition or dissociation according to (6) 
takes place. 

The addition-product in the case of diethylamine differs 
from the above, inasmuch as it is an oil which, on standing, 
gives benzamide. 
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Although in every case more or less hydrogen sulphide was 
evolved in the action of amines on the acylthioncarbamic 
esters, thus indicating the formation of acylpseudourea ethers, 
nevertheless these interesting compounds could not be isolated 
from the other by-products in these reactions (except in the 
case of ammonia). They form oils which cannot be distilled 
out of the mixture, without decomposition, even under re- 
duced pressure. Their presence was established, however, 
not only by the &ct that hydrogen sulphide was evolved, but 
also by the comparison of the properties of the reaction-prod- 
ucts with those of the corresponding acylpseudourea ethers. 
We prepared the latter from the benzoylimidothiocarbonic 

esters, CeH^CO— N=C<qj^, and it was found that the action 

of dilute hydrochloric acid affords a delicate test for their 
presence (see below). 

The benzoylimidothiocarbonic esters are readily formed by 
the action of alkyl iodides on the sodium or potassium salts 
of the benzoylthioncarbamic esters* in the same manner as it 
has been found in general that the derivatives of the thioncar- 
bamic esters react in the pseudof orm, giving the substituted 
imidothiocarbonic esters : f 

m. 

CeH5C0NHCS.0C,H, -> CeH,CO-N=C<Q§"^§^- 

Hitherto, only one compound of this series has been isolated. 
LOssner obtained diethyl benzoylimidothiocarbonate (III) in 
the above manner. He states that it is an oil which decom- 
poses at 44^, giving off mercaptan; while at higher tempera- 
tures benzonitrile and a syrupy residue are obtained. He 
assigned the incorrect formula, C6H5CON(C,HOCO.SC,H5, to 
this substance, and the solid obtained by treating this with 

• Losaner, J. prakt. Chem., 1874 [2], x, 237 ; Dixon, J. Chem. 8oc (London), 
1809,880. 

t Liebermann, Ann. Chem. (Liebig), cclxx ; Busch and Lingenbrink, Ber. 
d. cbem. Ges., xxxii, 2620; Fromm and Block, n>id., 2212; and Wheeler and 
Bamet, Amer. Chem. Jour., xxir, 60. 
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ammonia was regarded as benzoylethylurea. Dixon,* how- 
ever, has shown that this is reidly a pseudonrea. 

The benzoylimidothiocarbonic esters, when prepared as de- 
scribed below, are oils without exception, which, as &r as we 
have observed, diBtU unaltered under reduced pressura For 
example, the oil of Lossner, when pure, has an odor like the 
xanthic esters, and it boils at about 210'' at 19 mm. pressure, 
without the slightest sign of decomposition. The reaction 
which affords these oils is so smooth that for most purposes it 
is unnecessary to distil them. In some of our experiments 
the ether solutions of the crude products, after washing, were 
thoroughly dried over calcium chloride and then evaporated 
in a vacuum at 100**. Under these conditions the only im- 
purity that appears to be present is benzamide, and then, if 
heating has been avoided before drying, only in very small 
quantities. When the oils are heated with water, they give 

benzamide : f 

rv. 

CeH,CON=C<S&|; - 

CeH.CONH, + CO, + C,H,OH + CH,SH. 

We find that with hydrogen sulphide at 100** the following 
takes place: 

^' H /SC^ 

CeH,CO-N=C<^^§ -► C,H,CON-C~SH -^ 

' ^OCH, 

H 
CeH^CON-CS-OCH,. 

The ester is converted into benzoylthioncarbamic ester with 
loss of mercaptan. 

That the oils obtained in the above manner are homoge- 
neous is shown in each case by their smooth reactions with 
hydrogen chloride and with organic bases. We have obtained 
instances of the two following decompositions when the oils 
are dissolved in benzene and treated at ordinary temperatures 
with dry hydrogen chloride: 

* Loc. cit. t Lossner, loc. cit 
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VL 



vn. 

qprr H /SjC^HiJ 

CeH,CO-N=C<^^"" -> CeH,CO-N-0— iCl 

The decomposition with hydiogen chloride proceeds, with 

Q Allr 

the series CeH»CO— N=C<q(j2 , chiefly or entirely according 

to reaction VI, giving benzoylthiolcarbamic esters. When 
the alkyl group is amyl, it separates accoiding to reaction 

vn. 

When the benzoylimidothiocarbonic esters are treated with 
organic bases, they readily react, giving oS mercaptan and 
forming acylpseudourea ethers. The reaction is, in all proba- 
bility, perfectly analogous to that of the above-mentioned 
benzoylthioncarbamio esters, except that the intermediate ad- 
dition-product B (below) decomposes more smoothly and not 
in such a variety of ways as found in the case of the addition- 
product A. In most cases the reactioii appears to take place 
quantitatively, as follows: 

8R H /SR 

CeH,CO-N=C<^^„ -► CtH,CO-N-C— NR^' -> 

^^^ \OCH, 

+ HNR'R" 

C,H-CO-N=C<-*^'^% HSR. 
• OCHa 

It appears that previously this action has only been investi- 
gated with ammonia, Dixon having shown that methyl- and 
ethyl-^n-benzoylureas are formed in this way. He obtained 
these acylpseudourea ethers as crystalline compounds melting 
at 74^-76° and 77^-78^, respectively. 

The compounds of this type which we have obtained with 
organic bases are oils. Those which we attempted to distil 
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decomposed. They appear to be even more reactive than the 
interesting series of pseudourea ethers first obtained by Leng- 
feld and Stieglitz,* which have been so thoroughly studied 
by Stieglitz and Dains-f In properties they are closely similar 
to the acylimido-esters % and acylamidines, § to both of which 
series the compounds belong, since they have the structure 
of both these classes combined. We find that the most 
striking reaction, at present, of this series of benzoylpseudo- 
urea ethers is the ease with which they act with hydrochloric 
acid. Most of the pseudourea ethers mentioned above, as 
well as those described by StiegUtz and McKee,|| give salts 
with hydrochloric acid from which platinum double salts can 
be prepared. In stability, they approach the salts of the 
imido-ethers prepared by Pinner and others. We observed 
similar properties among the benzoylpseudourea ethers in the 
case of those prepared with anmionia. For example, benzoyl- 

pseudoethylurea, CeH^CO— N=C<qq jj, dissolves in cold 

hydrochloric acid, and gold chloride gives a bright-yellow pre- 
cipitate of fine needles. A gold determination in this agreed 

with the formula C«H.CO-N=C<QQ|^^.HCa.AuCl,. This 

salt is quite stable, and it melts with decomposition at about 
140°. 

When, on the other hand, the more negative benzoylpseudo- 
urea ethers, especially those containing aryl groups, are 
treated with cold, aqueous hydrochloric acid, a reaction starts 
immediately. The solutions effervesce, alkyl chloride being 
driven off, whereupon, as a rule, the oils are quantitatively 
converted into beautifully crystallizable colorless acylureas. 
In the case of the aryl derivatives, the oils crystallize imme- 
diately, while the alphyl compounds solidify more slowly. 

• Ber. d. chem. Ges. (1894), zzyii, 026. 
t Jour. Azner. Chem. Soc., xzi, 136. 

X Wheeler and Walden, Amer. Chem. Jour., zix, 120; Wheeler, Walden, 
and Metcalf, n>id., xz, 64; and zix, 217. 
§ Wheeler and Walden, Ibid., xx, 509. 
li Ber. d. chem. Ges., xxxlii, 807. 
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This is in striking contrast to some of the pseudourea ethers 
of Stieglitz and Dains, which. are not completely decomposed 
by cold aqueous hydrochloric acid after a month's standing. 

The following represents the course of the reaction with 

hydrochloric add: 

IX. 
.NRR' H /NRR' 

CeH,CO-N=c( -► CeH,CON-C_::cr"* 



CeH.CONHCONRE' 

+ 
CH.C1 

This sensitiveness to hydrochloric acid finds a perfect 
parallel in the deportment of the acylimido-esters, and it is 
shared also to a less extent by the acylamidines. The results 
show that the more negative the character of the radical in 
the imido-ester grouping, RN=CR'.OR", the more sensitive 
are the compounds in regard to decomposition by hydrogen 
chloride, a fact also noticed by Stieglitz and Dains in other 
cases. 

In this connection it is interesting to note that pure water 
has little tendency to react with most of the benzoylpseudo- 
urea ethers. This is well illustrated by the fact that Dixon, 
in showing the structure of the acylpseudourea ether, 

heated the compound in closed tubes with ten parts water 
from 106*" to 125"* "without any sign of change. On raising 
the temperature to 150 -168^ action occurred, carbonic anhy- 
dride escaped on opening the tube, the liquid contents of 
which smelt of ammonia and methyl benzoate." In other 
words, the material refused to react with water without total 
decomposition. 

On the other hand, we find that if this compound, which 
melts at 77°, is gently warmed with water, in the presence of 
hydrochloric acid, it fuses, but in a few moments it solidifies. 
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whereupon the material is quantitatiyely converted into ben^ 
oylurea, CeKUCONHCONH,, melting at 214°. The above 
procedure affords a smooth method for the preparation of 
most of the o^/S-benzoylureas, since the different steps of the 
process give almost quantitative yields. 

We hope later to describe other reactions of the acylpseudo- 
urea ethers. 

The acylthioncarbamio esters react with phenylhydrazine, 
giving off hydrogen sulphide in the cold. The products, 
however, are not pseudourea or pseudosemicarbazidic esters, as 
might be expected, but the following ring-formed compounds: 



CH,.CO-NHCS.OCH, CH,.C=N-C-OCH, 

+ -► I II 

CANH-NH, CeH^N N 



That the products are alkyloxytriazoles is shown by the be- 
havior of the compound from methyl benzoylthioncarbamate. 
This, when boiled with hydrochloric acid, slowly gives up 
the methyl group, and the so-called l,5-diphenyl-8-oxytriazole 
(l,5-diphenyl-8-triazolone ?) is obtained : 

XL 
CeH5C=N-C.0CH, C.H5C=K-C0 

C,H,.l!r ^ "^ CeH,.N NH* 

The product (XI) is identical with that obtained by 
Young * from phenylsemicarbazide and benzaldehyde, and by 
Widman f from benzoylsemicarbazide by treating with alkali. 

Phenylhydrazine, therefore, reacts with the thionacylure- 
thanes in a different manner than with the ordinary acylure- 
thanes, inasmuch as Andreoccif found that acetylurethane 
gives l-phenyl-3-methyl-6-triazolone, while the above reactions 
lead to the formation of the isomeric compound, l-phenyl-5- 
methyl-S-triazolone. 

• Ber. d. chem. Ge8., zzix, 2811. 

t Ibid., xxix, 1051. % Ibid., zxli, B. 737. 
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EXPBBIMENTAL PABT. 

The Action of Acylthioncarbamic Ustera with Organic Halide9. 

Pr^aration of Methyl AcetyUhumcarlamate^ 

CH^CO^NHOS. OOHt. — 
In our first experixnents we boiled acetyl chloride in benzene 
solution with an excess of lead sulphocyanide for several 
hours ; methyl alcohol was then added, in slight excess, and 
the mixture boiled for about thirty minutes. On evaporatiDg, 
an oil was obtained, which, on cooling, solidified. It was 
crystallized from petroleum ether, when it separated in arbor- 
escent crystals melting at 79*^-80®. It is readily soluble in 
water, alcohol, benzene, and chloroform, and when boiled with 
freshly precipitated mercuric oxide, it is desulphurized. A 
nitrogen detennination gave: 

OalcuJatad for v»^ 

N . .' . . . 10.62 10.12 

This compound is moie easily obtained by warming methyl 
thioncarbamate with acetic anhydride on the water-bath. We 
found later that it is unnecessary to use lead sulphocyanide 
for the preparation of either acetyl or benzoyl rhodanide. In 
order to obtain a good yield of acetyl rhodanide, acetyl chloride 
is boiled with an excess of finely pulverized potassium sulpho- 
cyanide, in the presence of a little toluene, and under a 
pressure of about 900 mm. of mercury. In the case of 
benzoyl rhodanide, an increase in pressure is unnecessary, for 
example: 15 g. of benzoyl chloride were boiled with 10.5 g. 
of potassium sulphocyanide in 10 c. c. of toluene for fifteen 
minutes, and then the material was distilled at 86-35 mm. 
pressure, when, below 90°, the toluene was collected; from 
142° to 161° only a few drops distilled over ; and then from 
151^ to 151.6^ the entire remainder was obtained except an 
insignificant colored residue. The last fraction consisted of 
practically pure rhodanide. 
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Methyl AeettfUhiolearbamatej CEtCO-NHCO.SCH^. — yj^ 
observed the formation of this compound when 4 g. of methyl 
acetylthioncarbamate were allowed to stand with one molec- 
ular proportion of methyl iodide, in a sealed tube at 40''- 
45'', for three weeks. The material, when crystallLzed from 
benzene, separated in the fonn of fine needles, melting at 
145.5''-146^. It is insoluble in cold water, but readily soluble 
in hot water and in alcohoL It was not desulphurized when 
boiled with mercuric oxide, and a nitrogen determination 
gave: 

° Calooltttedfor .^..^ 

0«H,KOgft. ''*~- 

N 10.52 10.16 

When methyl acetylthioncarbamate was heated with an ex- 
cess of methyl iodide on the steam-bath for from six to seven 
hours, no molecular rearrangement occurred, and no change 
was noticed when the mixture was allowed to stand at ordi- 
nary temperature for three weeks. That a rearrangement had 
taken place in the first experiment was shown by the fact that 
the compound melting at 145.5^-146° can also be prepared by 
warming methyl thiolcarbamate with acetic anhydride on the 
water-bath. 

Ethyl AcetyUhwncarhamate, CE^CO-NBCS.OCtS^, was 
prepared like the methyl ester. Dixon * has shown that when 
pure acetyl rhodanide is mixed with alcohol a violent reaction 
takes place, fused sulphur and other products being obtained 
However, this ester can be prepared from the rhodanide if the 
latter is mixed with benzene. It is difficultly soluble in 
water, but readily soluble in alcohol and benzene. From 
water it crystallizes in prisms and melts at 100° -lOl''. A 
nitrogen determination gave: 

Caleolmtod for m^ ^^M 

CANOiS. ™"°*' 

N 9.6 9.9 

Attempts to arrange this thion ester into the isomeric thiol 
compound were without success. When heated with ethyl 

* Jour. Chem. Soc. (London), bd, 629. 
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iodide in a closed tube to 100^, ammonium iodide was obtained as 
the only solid product. When heated from 80** to 90°, a prod- 
uct was obtained crystaUizing in plates and melting at 105°- 
106°9 and otherwise having all the properties of ethyl thiolcar- 
bamate, HsNCO.SCsH«. When allowed to stand dissolved in 
ethyl iodide for four months, no action was observed. This 
is in marked contrast with the ease with which xanthc^en- 
amide and ethyl thionphenylcarbazinate undergo a molecular 
rearrangement. 

Methyl BemayltUoncarhamate, C^ff^OO-NSCS.OOHs 

This and the following ethyl ester were prepared by boiling 
benzoyl chloride, diluted with a little toluene, with an excess 
of potassium sulphocyanide. For 100 g. of benzoyl chloride 
the reaction was practically complete in a few hours; then, on 
cooling, alcohol was added and warmed for a short time. The 
toluene was then removed in a current of steam and the residue 
crystallized from dilute alcohol, when the ester separated in 
needles melting at 97°, as stated by MiqueL* 

Methyl BmzoyUhwlcarbamate, OJS^CO-NHCO.SOH^.— 
This compound was obtained when 8g. of the above ester 
were heated with methyl iodide in a closed tube from 80° to 90° 
for six hours. On opening the tube it was found to be filled 
with a mass of beautiful, long prisms, some of them from 1 to 
2 inches in length. On crystallizing these from alcohol they 
melted at 152°-153°, and a nitrogen determination gave: 

Calculated for » . . j 

CAN0,8. ''*^ 

N 7.1 6.9 

This thiol ester is soluble in alkali and is precipitated unal- 
tered by acids* When boiled with mercuric oxide, it gave no 
precipitate of mercuric sulphide, thus differing from the thion 
ester. 

When the thion ester was heated with methyl iodide to 
100°-110°, decomposition took place, and a compound free 
from sulphur and difficultly soluble in alcohol was obtained. It 
was insoluble in hot water and sodium hydroxide, and it sepa- 

* Loc. dt 
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lated from alcohol in small needles, melting at about 215^ with 
effervescence. It ciystaUizes unaltered from nitric acid, and 
a nitrogen determination gave 11.1 per cent. It was not 
identified. 

Ethyl Benzoylthiancarbamate, Ctn^C0^NnCS.OOtH^ — 
This compound was first obtained by L(jssner,* the structure 

^^*^>NCO.SH being assigned to it, while m Beilstem's 
** Handbuch " it is represented by the f oimula 
C.H,C0NHC0.8CH, (?) 

Its correct formula, the thion structure, was given to it by 
Miquel * and further confirmed by Dixon.* For our use we 
prepared it from the rhodanide as above stated. It forms 
colorless needles from dilute alcohol and it melts at 78^-74'" • 
It is desulphurized by boiling with mercuric oxide, and it 
has little if any tendency to imdergo a molecular reanange- 
ment with ethyl iodide. It was not changed by standing for 
two weeks with ethyl iodide or by heating it from 95** to 100® 
or from 100** to 110**. When heated with the iodide from 
125^ to 180® for four hours, benzamide was obtained* 
BenzofflcarbafnirUhioglyeollie Aeidj 

C^H^GONHCO.SCH^COOH. — 
When molecular quantities of methyl benzoylthioncarbamate 
and chloracetic acid were heated for eight hours on the steam- 
bath, a slow effervescence took place. The product, then 
crjBtallized from dilute alcohol, gave colorless needles melt- 
ing at 169^-170**. This material was not desulphurized by 
boiling with mercuric oxide. It is soluble with difficulty in 
benzene, and a nitrogen determination gave: 



VomcL 



OaUmlfltodfor 
O]oH0NO«8. 

N 6.8 6.1 



Benzoylureaj Ci J2i CO-NEC ONHt. — On treating the above 
compound, dissolved in alcohol, with ammonia, a mass of 
small lozenge-shaped plates separated. This material was 
free from sulphur and melted from 214^ to 215'' with sUght 

• Locdt 
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effervescence. It was soluble in hot water and in sodium 
hydrate, and was precipitated from the latter solution unaltered 
by hydrochloric, acid. A nitrogen determination gave : 

^?WS?J'" Found. 

N 17.0 16.7 

It was stated by Zinin,* who first obtained benzoylurea, 
that this compound melts "gegen 200''." Geuther, Scheitz, 
and Marsh f give 208°. That these melting-points are too 
low is shown by the above ; moreover, we have obtained benz- 
oylurea by other methods, and in each case it was found to 
melt at 214^-215^ 

Methyl Bibenzoylthioncarbamate, (^Cf^HtCO^NCS.OCBt.— 
The sodium salt of methyl benzoylthioncarbamate was pre- 
pared by dissolving the ester in methyl alcohol, adding a 
strong solution of sodium methylate, and then precipitating 
with ether. Thus prepared, it formed a sandy powder which 
was dried over sulphuric acid in a vacuum. On treating this, 
suspended in benzene, with the calculated quantity of benzoic 
anhydride, and boiling for six hours, an oil was obtained 
which solidified on cooling. On crystallizing this from petro- 
leum ether, colorless plates separated which melted, when pure, 
at 81^-82^, and a nitrogen determination gave the following 
result: 

Calculated for ~ ^ . ^ 

N 4.6 4.7 

When this diacylthiourethane was treated with a molecular 
proportion of phenylhydrazine in the cold, hydrogen sulphide 
was evolved, and, on crystallizing the product from benzene, 
needles or prisms were obtained melting at 166^-167**, which 
proved to be benzoylphenylhydrazine. 

When the sodium salt of methyl benzoylthioncarbamate 
was treated in dry benzene with acetic anhydride, and the 
product crystallized from dilute alcohol, nothing but unaltered 
ester was obtained. 

* Ann. Chem. (Liebig), zdi, 404. t Zeitschr. Chem., 1808, 806. 
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Methylene Thiolearhamate, H^NCO.SCHtS.CO]SrSt. — Gsr 
briel and Heyman* found that ethylene bromide and thio- 
amides give thiazoline derivatiyes, while Pinkusf obtained 
from trimethylene chlorobromide and thioamides the so-called 
penthiazolines. In the case of xanthogenamide, he found that 
the reaction gave a compound or mixture agreeing with the 

formula, C4HeN0S ^ — • Recently Busch J has found that 

the potassium salts of the dithiocarbazinic esters give ring- 
formed compounds with ethylene bromide, diazthins, and not 
the ethylene esters. In a recent paper Wheeler and Barnes § 
have described the action of ethylene bromide on xanthogen- 
amide. They obtained a product which appeared to be the 
ethylene ester of thiolcarbamic acid. It therefore seemed of 
interest to determine whether other alkyl dihalides also act 
abnormally with xanthogenamide. For this purpose we 
warmed methylene iodide with xanthogenamide in molecular 
proportions for five hours on the steam-bath, when the odor 
of the iodide disappeared. On cooling and crystallizing from 
water, small compact crystals were obtained, melting at 168**- 
170°, which, on analysis, gave the following result : 



VcNind. 



Calenlated tot 
0,H,0^,8r 

N 16.8 16.3 



Ethylene Thiolcarbamate, EtNCO.SOHt-CE^S.CONHtj 
from ethylene bromide and xanthogenamide, has already been 
described, || but the melting-point was omitted ; it melts at 
231°-282^ 

Trimethylene Thiolcarbamate, HtNCO.SOHtCE^CHtS.CO 
NEiy from trimethylene bromide and xanthogenamide, after 
two hours* heating on the water-bath, crystallizes from hot 
water in plates, and melts at 177*^-179**. It is extremely sol- 
uble in alcohol and diiBKcultly soluble in benzene. A nitrogen 
determination gave : 

• Ber. d. chem. G«b., xziii, 157; zziy, 783. 

t Ibid., xxvi, 1083. t J. prakt. Chem., Ix. 26, 

i Amer. Chem. Jour., xzii, 151. || Wheeler and Barnes, loc. dt. 
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Oaloolated for. «u.»^ 

N 14.4 14.1 

When isobvtt/lene bromide and xanthogenamide were heated 
on the water-bath for five hours, cyanuric acid, ethyl thiolcar- 
bamate, and unaltered material were obtained. 

The Behavior of Aeylthioncarbamic jE$ter$ with Ammonia 
and Amines. 

Ethyl Bemoylthionearhamate and AmmonicL — 5 g. of the 
ester were diBSolved in an excess of alcoholic ammonia and 
the solution allowed to stand at rest for three days. The 
action began immediately, and hydrogen sulphide was slowly 
evolyed at ordinary temperatures. After the action was com- 
plete the alcohol was distilled off, and the first portions were 
tested for mercaptan, but with a negative result. When most 
of the alcohol had evaporated, the remaining solution was 
poured into dilute potassium hydrate, when an oil separated 
which soon solidified. On crystallizing this from petroleum 
ether, beautiful, long, needle-like prisms separated, which 
melted sharply at 74^-76°. This compound has practically the 
same melting-point as ethyl benzoylthioncarbamate ; but that 
it was not this substance was shown by mixing the two, when 
the mixture melted at 45^. The properties of the substance 
show that it is identical with the compound first obtained by 
Lossner, which Dixon has shown has the formula, 

In other words, it is lenzoylpeeudoethylurea. The reaction 
appears to be practically quantitative. When this substance 
is treated with dilute hydrochloric acid, it dissolves, and on 
gently warming the solution and again cooling, hemoylurea^ 
melting at 214''-215'', separates. 

BenzoylpBeudoethylurea Chloraurate^ C^H^O0^N=iO{NH^. 
OC^Hk.HCl.AuCl^ is precipitated from the above hydrochloric 
acid solution on the addition of gold chloride. It forms fine, 

• Locdt 
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bright-yellow needles, which are difficultly soluble in water 
and melt at about 140'' • A gold determination gave : 

CalcQlftted for ■u.^ 

CmHwN,0,C1^h. ''*™**' 

Au 37.0 37,1 

Methyl BemoyUMonearlamate and Diethylamine unite at 
ordinaiy temperature, without evolution of gas, to form a var- 
nish which refused to solidify on cooling or on keeping in a 
vacuum desiccator over sulphuric acid for two to three days. 
At the end of this time free amine appeared to be absent, and a 
nitrogen determination gave 9.89 per cent nitrogen instead of 
10.49, which is required for 

C.H5C0NHCS.0CH,.HN(C,H^r 
The result is, perhaps, as close as could be expected, consid- 
ering the fact that the material does not permit of a better 
method of purification. The material, on standing for three 
weeks in a desiccator, deposited benzamide. On heating, the 
result was the same ; hydrogen sulphide and other products 
were given off, and only a small amount of oil besides benz- 
amide was obtained. It dissolves very readily in alcohol and 
benzene, and is precipitated as an oil by petroleum ether. 

Mhyl Benzofflthioncarbdmate and Dii8obutylamtne combine 
to form a varnish as in the previous case. Wlien 16 g. of the 
ether were heated with 10 g. of the amine, reaction began at 
about 80"^, and 600 c. c. of hydrogen sulphide were collected 
over water, and the presence of alcohol and mercaptan was 
also identified in the volatile products. On cooling, a thick 
oil was obtained which, when treated with hydrochloric acid, 
gave off ethyl chloride and solidified completely. On ciystal- 
Uzing then from strong alcohol, colorless prisms separated 
which occurred in twins, in the form of beautiful crosses, 
and melted at 130**-132°. This material was found to contain 
sulphur, and a nitrogen determination agreed with the calcu- 
lated for henzoyldiiBobutylthiaurea, CeHsGONHGSNCC^Hs)^. 

CalcoUt«d for wmhwI 

CiAaNjOa. '^'"^ 

N 9.59 9.95 
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A portion of the above product, which had not been treated 
with hydrochloric acid, was distilled at 25 mm. pressure, 
when, after decomposition of some constituent (the pseudo- 
urea ether ( ? ))9 a considerable portion of oil distilled over be- 
tween 182'' and 190''. This was redistilled at ordinary pressure, 
when it boiled mostiy from 288® to 811° ; it was then treated 
with alkali, and the insoluble part was extracted with ether, 
whereupon, on evaporating, a brilliant mass of stout prisms 
separated. This compound was purified by crystallizing from 
petroleum ether. It melted at %b^^ and a nitrogen determina- 
tion agreed with the calculated for diuobtUylbenzamide : 

N 6,0 6.4 

The alkaline solution, on acidifying, gave benzoyldiisobutyl- 
thiourea. Diisobutylbenzamide, like its homologues, is very 
soluble in most organic solvents, from which solutions it is 
obtained as an oil which solidifies to form beautiful crystals. 

Methyl BemoyUhioncarhamate and Diisoamylamine combine / 
witii a decided evolution of heat, to form an oil which quickly 
solidifies. No trace of mercaptan or hydrogen sulphide is 
given off at ordinary temperatures and, when this addition- 
product is prepared by miTing molecular quantities, it melts 
at 55® -dO'^. It is extremely soluble in benzene and alcohol, 
and apparentiy undergoes dissociation, since petroleum ether 
precipitates unaltered methyl benzoylthioncarbamatd. On 
standing in a desiccator over sulphuric acid, it slowly decom- 
posed, becoming oily (separation of free amine), when after a 
week unaltered ester was obtained. As it could not be puri- 
fied by crystallization, a portion was prepared by mixing 5 g. 
of the ester with about 4g. of diamylamine and grinding the 
material together in a mortar, after which it was thoroughly 
pressed on paper and allowed to stand exposed to the air for a 
short time. A nitrogen determination then gave 8.6 per cent 
of nitrogen, while the calculated for 

YOL. II. — S2 
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C.H,CONHCSOCHa.HN(C.Hii), 

is 7.9 per cent ; the calculated for unaltered ester being 7.1 
per cent. 

When the addition-product was heated, evolution of hydro- 
gen sulphide and mercaptan was noticed at its melting-point, 
and, on maintaining the temperature at about 80"^, an oil was 
obtained which, when treated with benzene, deposited plates. 
These were crystallized from water, whereupon they melted 
from 126*' to 127° ; they were free from sulphur, and a nitro- 
gen determination gave results agreeing with the calculated 
for benzamide. 

Oaloolatodfor » . 

CtH,MO. FotoO. 

N 11^ 11.2 

An attempt was made to isolate the pseudourea ether that 
is formed here, which constitutes the oil removed by benzene 
in the above experiment. With this aim we tried distilling 
the addition-product at 15 mm. pressure; on heating, the 
pressure rose to 40 nun., and up to 200° an oil and a solid dis- 
tilled over. The oil consisted mostly of benzonitiile and the 
solid was benzamide. When this pseudourea ether is treated 
with cold hydrochloric acid, methyl chloride is evolved and 
benzamide and diamylamine hydrochloride are obtained. The 
formation of benzoyldiisoamylurea was not observed. 

Hthtfl Benzoylthioncarlamate and Benzylamine eneigetically 
react with evolution of heat; hydrogen sulphide and mercap- 
tan are apparently evolved, and the mixture readily solidifies. 
On crystallizing then from 95 per cent alcohol, flattened prisms 
separate which melt sharply at 89°. The material does not 
contain sulphur, and a nitrogen determination agrees with the 
calculated for hemoylbenzylurea, CeH^CONHCONHCHjCeH*. 

CalcalAted for «u»,«;i 

C,^i4N,0 ^"^'^ 

N 11.0 10.7 

Ethyl Benzoylthioncarbamate and Aniline. — 10 g. of the 
former were mixed with one molecular proportion of the latter 
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and the mixture was warmed for from eight to nine hours on 
the steam-bath, when hydrogen sulphide ceased being evolved 
and an oil was obtained. On standing, ciystals separated 
which formed an arborescent mass from dilute alcohol, and 
melted at 202°-208°. This material was free from sulphur, 
and a nitrogen determination gave the following result: 

CalenlAted for w«..«4 

N 11.66 11.68 

This material agrees in properties with benzoylphenylurea^ 
CeH.CONHCONHCeH,, which Blacher ♦ has prepared by an- 
other method. He gives its melting-point as 204*^-206**. 
This compound has also been obtained by Kuhn,t who states 
that it melts at 199^, and also by Beckmann and Kdster, who 
give 204° as its melting-point. 

Ethyl Bemoylthiancarbamate and Paratoluidine. — A mix- 
ture of these substances in molecular proportions was heated 
for from seven to eight hours on the steam-bath. Hydrogen 
sulphide was given off during the reaction ; the product thus 
obtained consisted chiefly of pseudoethylparatolylbenzoylurea, 
CeH,CON=C(OC,H,)-NHC^,CH^ and was an oil which 
on exposure to the laboratory atmosphere deposited crystals 
after two days. On pressing these on a plate and crystalliz- 
ing from dilute alcohol, small narrow prisms were obtained 
which melted at 80°-81*'. These were free from sulphur, 
and a nitrogen determination showed that this material was 
hemoylparatolylurea, CeH,CO-NHCONHCeH^CH,. 

Caloolmted for pu...^ 

N 11.0 10.7 

In order to show the presence of pseudoethylparatolylurea, 
8 g. of methyl benzoylcarbamate and 1.6 g. of toluidine were 
heated together ; a lively effervescence of hydrogen sulphide 
took place at 90°, and in about one hour, with Uiese quanti- 

* Ber. d. chem. Ges., zxyiii, 436. t Ibid., xrii, 2881. 

X Ann. CheuL (laebig), cclxady, 28. 
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ties, it practically ceasecL The oil thus obtained was treated 
with 10 c. c. of about 20 per cent hydrochloric acid, and the 
gas which was evolved was collected over water, in which it 
was partly soluble. In one hour over 80 c. c of methyl chlo- 
ride were obtained. When methyl benzoylthioncarbamate 
was treated with hydrochloric acid under the same conditions, 
no gas was evolved. On warming, however, methyl chloride 
is evolved. 

With the object of isolating the pseudourea ether that is 
formed in this reaction, we subjected the reaction-product to 
distillation, starting at 13 mm. pressure. At 165^ the pres- 
sure rose, and up to 200"", at 20 mm. pressure, a portion had 
distilled over; in this we identified benzamide and benzoni* 
trile, which showed that the material had decomposed. 

When ethyl acetylthioncarbomate was warmed with jKtolui- 
dine, hydrogen sulphide was evolved, and an oil and a solid 
were obtained ; on crystallizing the solid from alcohol, it melted 
at 147"" and had all the properties of paracettoluide. The oil 
was not examined* 

JEtht/l Benzoylthioncarhamate and 2y4.'Dimethylan%line were 
heated together in molecular proportions on the water-bath, 
and an attempt was made to collect the mercaptan given off, 
but it was carried off in the stream of hydrogen sulphide 
which escaped. On cooling, an oil was obtained together 
with some solid. The solid was filtered off and, on crystal- 
lizing from alcohol, it melted at 215°-217®. On treating 
the oil with hydrochloric acid, ethyl chloride was evolved and 
the material solidified, when, on crystallizing from alcohol, 
it likewise melted at 215^-217**. A nitrogen determination 
gave: 

Oftlenlatad for -KmmwI 

N 10.4 10.6 

This compound is therefore a, fi-bemoylmetaxylylureOj 

CeH^CGNHCONHCeH^CCH,)^ 

Ethyl Bevizoylthianearbamate and p-Anuidine reacted at once 
with a rapid evolution of hydrogen sulphide. When warmed 
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on the water-bath until this ceased, and then cooled, yeiy little 
oil was obtained. The chief quantity of the reaction-product 
was solid. From this, two compounds were separated by 
means of alcohol and benzene. The more soluble one, the 
chief product, proved to be benzoylparaanisidine. Boiling the 
product with alcohol gave a mass of colorless prisms which 
melted at 216''-218^, and a nitrogen determination of this 
substance, which bums slowly, gave the following result : 



dOonlated f or 
0«H|4N,04. 



VcNind. 



N 10.3 9.8 

This material is therefore bemotflparamethoxyphenylureaj 
CeH,CONHCONHCeH,OCH,. 

When the above oil was treated with hydrochloric acid, it 
gave off ethyl chloride, showing the presence of benzoylpseudo- 
ethylparamethoxyphenylurea. 

Methyl Bemot/Uhioncarbamate and a-Naphthylamine* — On 
warming molecular quantities of these substances until hy- 
drogen sulphide ceased coming off, an oil was obtained which, 
treated with benzene and petroleum ether, gave a precipitate. 
When this was boiled with alcohol, a residue of cyanphenine, 
melting at 230^, remained. On adding water to llie alcoholic 
solution, and then crystallizing from dilute alcohol, we ob- 
tained colorless prisms melting at 166°-166°. This material 
contained no sulphur. That it was not benzoyl-a-naphthalide, 
which melts at 160^-162^, was shown on mixing these sub- 
stances, when the mixture melted at 140®. A nitrogen deter- 
mination agreed with the calculated for benzoyjrornaphtkylureaj 
C^,CONHOONHC,oH^ 

Calculated for F^mnd. 

C|aHi4N|0f 

N 0.6 9.8 

Methyl Benzoylthioncarbamate and fi-Naphthylamine gave 
off hydrogen sulphide on warming, thus showing the former 
tion of a pseudourea ether. The product was obtained as an 
oil that deposited nothing solid on standing a week. On add- 
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ing petroleum ether and crystallizing from dilute alcohol, small 
needles separated which melted at 156°. The material con- 
tained no sulphur, and a nitrogen determination gave results 
agreeing with the calculated for bemoyl-fi-^naphthamide. 

Calculated for Calculated for wm»ji 

OACONBCONHCmE,. CeHiOONHCuA- ^^ 

N 9.65 5.46 6.26 

Ethyl Benzoylthioncarhamate arid Diphenylamine react with 
difficulty, and hydrogen sulphide is given off. After heating 
for three days on the steam-bath an oil was obtained which, 
when treated with hydrochloric acid, decomposed with the 
separation of diphenylamine. 

Ethyl Benzoylthioncarhamate and Orthaphenylenediamine 
were mixed in the proportion of 2 molecules of the former to 
1 of the latter in ether solution, when, on evaporating, hydro- 
gen sulphide was given off and a solid was directly obtained- 
There appeared to be little or no oil in this case. The material, 
when crystallized from alcohol, separated in lozenge-shaped 
crystals, which were free from sulphur ; they melted at 285% 
and a nitrogen determination agreed with t^e calculated for 
dibenzoylphenylen diurea^ 

CeH,CONHCONHCeH,NHCONHCOC.H,. 

Calenlated for v<«»ji 

CnHuM«04. '<*'»»*• 

N 13.9 14.2 

Methyl Benzoylthionearbamate and Phenylhydrazine. — 
When phenylhydrazine is added to the ester, tiie mixture 
becomes warm and hydrogen sulphide is given off. On heat- 
ing, to complete the action, and then cooling, an oil is obtained 
which readily solidifies. On crystallizing this from dilute 
alcohol, colorless needles are obtained melting at 85'' -86**. 
A nitrogen determination agreed with the calculated for 1^- 
dipJienylS-ethoxytriazole. This material was free from sulphur. 

Calenlated for v^....^ 

C„Hj,N,0. '*'™*^ 

N 16.7 16.9 
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l-S'IHphenyJrS-triaaolone was obtained when the above was 
boiled with concentrated hydrochloric acid in alcoholic solu- 
tion for from eight to nine hours. 

Ethyl Aeetylthiancarbamate and Phenylhydrazine reacted in 
the cold, giving off hydrogen sulphide, but on standing two 
weeks nothing solid separated. The material was then dis- 
tilled at 17-18 nun. pressure, whereupon it practically all 
boiled from 190° to 193°. This readily solidified and, on crys- 
tallizing from petroleum ether, it formed long, stout prisms, 
melting at 49° -60**. It is extremely soluble in alcohol and 
benzene, and a nitrogen determination gave results agreeing 
with the calculated for l-phenyUS-methylS-ethoxytriazole. 

OalcoUted for «u„.ja 

OuHuN,0. ''*'"^ 

N 20.7 20.9 

On the Benzoylimidothiocarhonie Usters and their Behavior 

with Hydrogen Chloride. 

SC H 
Diethyl Benaoylimidothioearbanate, C^S^CON=C< qq ^ — 

We have prepared a series of these esters by treating the 
potassium salts of the benzoylthiohcarbamic esters, in alco- 
holic solution, with alkyl iodides. Warming, during this 
process, must be avoided, since otherwise, as found by L($ss- 
ner in the case of the preparation of the diethyl ester,* 
mercaptan is evolved, and the oils suffer more or less decom- 
position with the formation of benzamide. The potassium 
salts of the benzoylthioncarbamic esters crystallize more readily 
than the sodium salts. In order to prepare them, alcoholic 
potash is added to a strong solution of the ester in alcohol, 
when a crystalline mass separates at once. On treating the 
potassium salt of ethyl benzoylthioncarbamate suspended in 
alcohol with ethyl iodide, the mixture, after standing twelve 
hours, no longer had an alkaline reaction. Water was then 
added, and the precipitated oil was extracted with ether, 
washed, and then thoroughly dried over calcium chloride. 

• Iioc. cit. 
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On evapoiating and distilling the oil at 19 mm. pressure, the 
material all boiled from 209"" to 212'', almost from the first to 
the last drop. There was no sign of decomposition, and the 
yield is almost quantitatiye, a portion being lost in treating the 
alcohol solution with water. Thus obtained, ethyl benzoyl- 
imidothiocarbonate is a colorless oil of a faint odor, resembling 
the zanthic esters. Without further purification of the oil a 
nitrogen determination gave : 

OalenUitod for «um»ji 

N 5.9 6.2 

Dimethyl Benzoylimidothioearhonate^ G^HfiOIJ^CK qqj^j 

was obtained when 46 g. of methyl benzoylthioncarbamate, 
9.5 g. of potassium hydrate, and SS.5 g. of methyl iodide were 
mixed in methyl alcohol. The mixture became warm, and the 
odor of mercaptan was noticed; this greatly increased on 
attempting to distil off the methyl alcohol after the action 
was complete. The heating was then stopped and cold water 
was added, and the oil was extracted with ether, whereupon^ 
on evaporating, 22 g. of this ester were obtained, which, on 
standing, deposited plates of benzamide. These were filtered, 
and the oil, without further purification, was used for the fol- 
lowing experiments : 

About 1 g. of the oil was dissolved in benzene and 
hydrogen chloride was passed in ; warming and effervescence 
took place, and a mass of colorless needles separated, which 
melted at 152°-158° and were identical in every respect 
with methyl benzoylthiolcarbamate^ 0,11,00— NHCO.SCH„ 
described above. 

Three g. of the oil were heated on the* water-bath for about 
an hour and a half in a stream of hydrogen sulphide (when 
mercaptan (?), and some methyl alcohol condensed in the de- 
livery tube), and, on cooling, dissolving in potassium hydrate 
and precipitating with hydrochloric acid, needles were obtained. 
When these were crystallized from dilute alcohol, they were 
found to be methyl benzoylthMnearbamate, C,HaCONHCS.C)CHa, 
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described above. When this oil is allowed to staad in water, 
it remains liquid for weeks. On exposure, the crude oil 
evaporated, leaving benzamide. 

Bensoylimidomethylthiolethylearbanate^ 

was prepared like the above diethyl ester. It was distilled at 
20 mm. pressure, when it boiled for the most part at about 
210°. It then did not solidify in a freezing-mixture, and in 
properties it resembled the diethyl compound. When this oil 
was treated in dry benzene with hydrogen chloride, it evolved 
methyl chloride and gave ethyl benzoyUhiolcarbamate^ 

CeH.CONHCO.SC^p 

which, on evaporating the benzene and crystallizing from di- 
lute alcohol, separated in long, slender prisms melting from 
lOS^-lOT''. It is soluble in sodium hydrate, and a nitrogen 
determination gave : 

Oalcnkted for «u««4 

0,eBuN0|B. '^™**- 

N 7.0 6.7 

An attempt to prepare this ester by warming ethyl thiolcar- 
bamate, HaNCO.SCaH^, with benzoic anhydride under condi- 
tions that were found to be favorable in the case of the 
corresponding acetyl compound, resulted in the formation of 
cyanphenine and a body which crystallized from alcohol in 
needles and melted finally at 167°-168°. This material con- 
tained sulphur, and a nitrogen determination gave results 
agreeing with the calculated for benzoyl rhodanide, the com- 
pound probably being the polymeric modification described by 
Miquel,* who states that it melts at 160°. 

(CeHgCO-NCB),. '**™*^ 

N 9.1 9.6 

Benzoylimidomethylthioliiopropylcarbonate, 

C,ff,CON^O<^%§\- 
Isopropyl iodide reacts more slowly on the potassium salt 
• Ann. Chim. FhjB. [5]» xi, 209. 
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of methyl benzoylthioncarbomate than the lower alkyl iodides. 
When 10 g. of the ester are used^ it is necessary to let the 
mixture stand for about three or four days. When the prod- 
uct was treated with hydrogen chloride, it gave 

Isopropyl Bemotflthiolcarbamate, C^H^CONHCOMC^H^.— 
This crystallizes from alcohol in colorless prisms, which melt 
at ISG^'-IST'^. It is soluble in alkali, and a nitrogen deter- 
mination gave : 

OaloolAtod for v^.wi 

CuH„K0,8. '**"^ 

N 6.2 6.2 

Benaoylimidomethjflthiolisobutylcarbonatey 

is an oil like the preceding. It required from two to three 
days for its preparation. When dry hydrogen chloride is led 
into its solution in benzene, it evolves methyl chloride and 
gives 

laobutyl BemoylthiolcarbamaU, C^H^ CONEOO.SC^H^, 
which crystallizes from dilute alcohol in thin plates or scales 
and melts at 115°-117®. It is insoluble in water, but readily 
soluble in benzene and sodium hydrate, and a nitrogen deter- 
mination gave : 

Caleulatod for «»mw« 

C„H,^0,S. '^"°*^ 

N 6.9 6.0 

Benaoylimidomethf/lthiolisoamylcarbonate^ 

In this case the action was complete in two days, it being 
hastened finally by warming. The oil, without distilling, was 
dried in a vacuum at 100°, when a nitrogen detennination 
indicated the presence of benzamide. 

Ci«H„N0aS. *«w«i. 

N 5.28 6.0 

On standing, some benzamide separated. When this oil 
was treated with diy hydrogen chloride and the material pun- 
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fied by means of alkali and dilute alcohol, a compound crys- 
tallizing in needles was obtained, which melted at 96^. A 
nitrogen determination gave results which agreed with the 
calculated for methyl hemoylthiojicarbamate^ the calculated 
being 7.1 per cent, while 6.9 per cent was found. The calcu- 
lated for the expected isoamyl benzoylthiolcarbamate is 5.5 per 
cent. The compound obtained had all the properties of the 
benzoylthionmethyl ester described above. This is the first 
exception to the rule that thiolcarbamic esters are formed by 
the action of hydrogen chloride on the imidothiolcarbonates. 

On the Behavior of Bemoylimidothiocarbonic Haters with 
Amines^ and on the Behavior of Benzoylpseudoureas 
with Hydrochloric Acid. 

As stated in the introduction, the behavior of the benzoyl- 
imidothiocarbonic esters with bases has been investigated only 
in the case of ammonia.* We show below that the benzoyl- 
imidothiocarbonic esters readily react also with alkyl and aryl 
amines giving benzoylpseudourea ethers. Attempts to purify 
these compounds by distillation, in certain cases, were not 
crowned with success. Their behavior, however, with hydro- 
chloric acid is described as the most characteristic reaction or 
simple test for their presence that we have observed, since by 
this treatment they evolve alkyl chloride and are, in most 
cases, quantitatively converted into the corresponding, easily 
crystallizable, benzoylureas. 

Benzoylpsevdomethylureay C^H^ OO—N^ 0<qq^. — This 

compound was prepared from benzoylimidomethylthiolisopro- 
pyl carbonate and alcoholic ammonia by allowing the mixture 
of these substances to stand for twelve hours, whereupon iso- 
propyl mercaptan separated and the compound obtamed by 
Dixon, in a similar manner, was obtained. It melted at 77^ 
and agreed with his description. On treating this with 20 
per cent hydrochloric acid, a reaction did not start immedi- 
ately, but, on gently warming, the material melted, then 

* DizoDf loc. dt 
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solidified, and, on ciystallizing from alcohol, small lozenge- 
shaped plates separated, melting at 214"^ with effervescenoe. 
This material had all the properties of benaajflureoj 

C^,CONHCONH,, 

described above. 

Bmzoylpseudomethylelhylwea^ O^H^OO^N=C<^^^*^K — 

This was prepared from benzoylimidomethylthiolisopropyl 
carbonate by allowing a little less than 1 g. of the ester to 
stand for several days with a 88 per cent aqueous solution of 
ethylamine mixed with enough alcohol to form a solution. 
On then evaporating, an oil was obtained which was treated, 
without further handling, with 20 per cent hydrochloric acid, 
whereupon it was converted into 

a-fi'BemoyUihylurea, CtH^C0NHC0NHC%H^. — On stand- 
ing, this separated from the hydrochloric acid solution in 
long needle-like prisms, some over 2 cm. in length. The 
preparation of this compound by a new method is of interest, 
because of the discrepancy between the melting-points re- 
corded for this compound by Miquel,* Leuckart,t and Dixon4 
These authors give 192*^, 168°, and 114^-114.6^. On crystal- 
lizing our material from petroleum ether, it melted sharply at 
114^ and agreed in all respects with the compound prepared by 
Dixon from a,/8-benzoylethylthiocarbamide by desulphurization 
so that evidentiy this is the correct melting-point for the 
substance. 

Bemoylpseudamethylisobutyhrea^ O^HCO^N—CKqq^^^' 

— When isobutylamine is mixed with benzoylimidomethyl- 
thiolethyl carbonate, the mixture starts to boil immediately, 
giving off ethyl mercaptan, and cooling is necessaiy. The 
product is an oil which, when treated with hydrochloric acid, 
slowly gives off methyl chloride and solidifies, forming 

Bemoylitohutylurea, C^HyCONHCONHC^H^—ThiB was 
crystallized from alcohol, when long, slender prisms were ob- 

♦ Add. Chim. Phyg. [5], xi, 818. f J. prakt Chem. [2], xxi, 88. 

I J. Chem. Soc. (London), 1809, 888. 
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tained, melting sharply at 115°. A nitrogen determination 
gave: 

N 12.7 12.9 

Benzoylpsetidonietkj/ldiisoami/lureaj 

When benzoylimidothiohnethyl carbonate and diamylamine 
are mixed, reaction starts in the cold. The material was 
Tvarmed to 60"^ until methyl mercaptan ceased being evolved, 
when hydrogen sulphide was passed in for several hours. On 
cooling, a mass of plates separated ; these proved to be benz- 
amide. On filtering and dia til^iTig at 18 mm. pressure diiso- 
amylamine, boiling at 72^, benzonitrile, and benzamide formed 
the chief products. An appreciable amount of diamylthion- 
methylcarbamate was not obtained. 

Tlds and the corresponding ethylbenzoylpseudourea ether 
differ from most of the other urea ethers that we have exam- 
ined by the fact that, although they give off alkyl chloride 
with hydrochloric acid, nevertheless, a body corresponding to 
benzoyldiisoamylurea was not obtained. A number of experi- 
ments were tried with hydrochloric acid under different con- 
ditions, but in every case nothing but benzamide and diisoamyl 
hydrochloride could be isolated. This behavior is in accord- 
ance with the ease with which the addition-product in the case 
of ethyl benzoylthioncarbamate and diisoamylamine gives 
benzamide and free amine. When p^eudoethylbemoyldiuo- 
amylurea was prepared from benzoylimidothioethyl carbonate 
and diamylamine, and the product treated with hydrochloric 
acid, ethyl chloride was evolved, and again nothing but benz* 
amide and amine hydrochloride was found. 

NHC S 
Benzoylpseudomethylphenylurea^ O^^OON^O<Qn^ *• — 

Benzoylimidomethylthiolethyl carbonate and aniline readily 
react when mixed, and the action may be hastened by warm- 
ing on the water-bath. After the evolution of ethyl mercap- 
tan had ceased, in one experiment, we attempted to purify the 
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product by diatilling at 16 mm. pressure. Both the tempera- 
ture and pressure rose steadily, the material beginning to boil 
at 70°. At this pressure, when the temperature rose to 200°, 
benzonitrile and other products distilled over, leaving a mass 
of tar in the distilling bulb. 

When this crude pseudourea ether is treated with hydro- 
chloric acid, it reacts at once, solidifying and giving off 
methyl chloride, and, on crystallizing the product from alco- 
hol, benzoylphenylurea, melting at 202^-203°, is obtained. It 
is identical with the product obtained from ethylbenzoylthion- 
carbamate and aniUne described above. 

Bemoylp%eudoeihylphenylurea^ OJSjOO--N=^ 0< qq ^ S 

from 2 g. of aniline and 4.8 g. of benzoylimidothioldiethyl car- 
bonate, formed a clear light-yellow oil, after heating for some 
time in a vacuum on the steam-bath. A preparation made in 
this manner was analyzed with the following result: 

Caloiilftted for «m.«mI 

C„Hu^,0^ »«»«»• 

N 10.4 10.8 

Benzoylpseudomethifl^nircJdorphenjflureay 

was obtained from metachloraniline and benzoylimidomethyl- 
thiolethyl carbonate after eight hours' heating on the water- 
bath. It was converted directly by hydrochloric acid into 
benzotflmetacJdorphenylureOy CeH5CONHCONHCeH4Cl, which 
crystallizes in needles from alcohol, melting at about 200°. 
We were unable to obtain all the nitrogen from this com- 
pound on burning with copper ozide in the usual manner. 
Two determinations gave 8.60 and 8.64 per cent of nitrogen, 
while the calculated is 10.2 per cent. In order to determine 
whether this peculiarity is the fault of the analjrtical method 
and whether the above compound is the benzoylurea in ques- 
tion, we prepared this benzoylmetachlorphenylurea by desul- 
phurizing henzoylmetachlorphenylthioureOj 

C.H,C0NHCSNHCeH4Cl, 
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in regard to the structure of which there can be no question, 
since it was prepared from pure benzoyl rhodanide and coloiv 
less metachloraniline, the latter boiling from 229^ to 281''. 
Here, again, we had the same difficulty on analysis ; a deter- 
mination gave 8.4 per cent instead of 9.6 per cent nitrogen. 
This material crystallizes from alcohol in colorless needles 
melting at 125^. On boiling the alcoholic solution of this 
compound with silver nitrate and a little water, a compound 
was obtained which crystallized in needles and melted at 200°. 
It was identical in every respect with the above compound 
obtained from the pseudourea ether, and, when portions of 
the two samples were mixed, the melting-point was not altered. 
It follows, therefore, that the material is the urea in question, 
and that this urea and thiourea do not give up all their nitro- 
gen under the usual conditions of a nitrogen determination. 
Benzoylpseiidomethffl-iTirnitrophenylureaj 

CsffsCON=Ck:^^^^^^K — 

After heating metanitraniline with benzoylimidomethylthiol- 
ethyl carbonate for four or five hours on the water-bath, the 
evolution of ethyl mercaptan ceased. The oil thus obtained 
was treated with hydrochloric acid, whereupon it changed to 
a crystalline mass. This was washed with water and crjrstal- 
lized from alcohol, whereupon it gave 

Bemoylrmtanitrophmylurea, C^H^ CONHCONHC. E^NOt. 
— This is insoluble in water and chloroform and difficultly 
soluble in benzene and alcohol. From the latter solution it 
separates in the form of fine, short needles, which melt from 
231'' to 232''. A nitrogen determination gave: 

Calculated for v.«»^ 

Ci4HuNA. '''™^ 

N 14.7 14.4 

Benzoylpsettdomethylpseudocumtflureaf 

was readily formed on warming benzoylimidothiolmethyl car- 
bonate and pseudocumidine. On cooling, the mass waa 
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treated with hydrochloric acid, whereupgn methyl chloride 
escaped and, on washing with water and alcohol and crystal- 
lizing from chloroform, a woolly mass of very bulky, long 
needles was obtained. This substance melted at 207% and on 
analysis proved to be 
Benzotflpgeudocumylureoy C^H^ O0NH00NHOtB%(^ CS;)t. 

Oftlovlatod for lu.,.^ 

C,tH.,N,0^ ■^'^ 

N 9.92 9.78 

BemotflimidometAjflthiolisobiUyl carbonate and methylanUine 
reacted very slowly, giving off mercaptan. After warming on 
the water-bath for three days, an oil was obtained that had a 
beautiful purple color. It did not readily solidify with hydro- 
chloric acid, and, therefore, it was not further examined. 

Nbw Haybk, April 30, 1900. 
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ON THE MOLECULAR REAEEANGEMENT OP DISUB- 
STITUTED THIONCARBAMIC ESTERS: PHEKYL- 
IMIDOTHIOCARBONIC ACID DERIVATIVES AND 
THIOSEMICARBAZIDIC ESTERS ♦ 

Bt henry L. wheeler Ain> GUY K. DUSTIN. 

Ik previous articles from this laboratory it has been shown 
that monosubstituted thioncarbamic esters, XNHCS.OR, re- 
act more or less readily with alkyl iodides, giving the isomeric 
thiol derivatives, XNHCO.SR; and it was concluded that 
these ester amides are best represented by the normal form 

rather than by the pseudo structure, XK=C<q^. It seemed 
desirable, however, to determine whether or not the above- 
mentioned rearrangements were dependent on the presence of 
hydrogen ; or, in other words, whether disubstituted zantho- 
genamides of the form XX'N— CS.OR would undergo a 
similar rearrangement, giving the thiol derivatives, the ques- 
tion being all the more interesting since it is customary to 
represent the thioamides and thioureas as reacting in their 
pseudoform with halogen compounds. 

We find that the disubstituted thioncarbamic esters readily 
react with alkyl iodides, and that the N-methyl (1) and 
ethylthioncarbanilic esters undergo a rearrangement even 
more readily than the thioncarbanilic esters of the form 
C«H«NHCS.OR. It follows, therefore, that the pseudoform 
is not involved in these reactions, and that the rearrangement 
takes place, in general, as follows : 

L 

CHj >j,_C8.0CH, -♦ ^^»>N-0=sll * -► 

OCH, 



C.H,^^-^°-^^"« -* C.hV ^. 



C H >^-OOSCH,. 



* Amer. Chem. Joar., xzir, No. 6. 
VOL. II.— 38 
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It is easy to distinguish whether a rearrangement has taken 
place or is complete in this series, since the thion derivatives 
are readily desulphurized by mercuric oxide when boiled in 
alcoholic solution, while the thiol derivatives are imaffected. 
The action takes place smoothly as follows: 

n. 
CH..C.H5NCS.0R -> CH..C.H,NCO.OR 

It was shown by Liebennann* that the sodium and silver 

salts of the thioncarbanilic esters react with allkyl hahdes in 

the following manner : 

m. 

SAg ^SCH, 

C.H,N=C< -> C.H,N=C/ 

Thus, the alkyl group attaches itself to sulphur, and phenyl- 
imidothiocarbonic esters result. He examined the action of 
these compounds with sulphuric acid, aniline, and ammonia, 
at high temperatures. He found that the action of sulphuric 
acid gave aniHne sulphate and thiocarbonic esters, thus show- 
ing tiie constitution of the compounds. With aniline, mer- 
captan was given off and carbanilide sei>arated, while with 
ammonia (at 100°) decomposition products alone were ob- 
tained. He states that with hydrochloric acid alkyl chloride 
is evolved, on warming, and the compounds are converted 
back into phenylsulphuiethane. 

We have prepared some of these compounds in order to 

compare their behavior with that of the analogous acylimido- 

SC H 
thiocarbonic esters, CeHBCO— N=C<QQ*g*, and with that 

of anilinoimidothiocarbonic ester, the hydrazone of diethyl 

thiocarbonate, CeH5NH-N=C<Q^»g». The results of the 

comparison show how strikingly the properties of compounds 

of similar structure are influenced by the character of groups. 

It has been found that the benzoylimidothiocarbonic esters 

* Ann. Chem. (Liebig), ccTii, 14S. 
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readily react with organic bases,* while the hydrazone of ethyl 
thiocarbonate, which has precisely opposite properties, readily 
and smoothly reacts only with negative compounds, such as 
acyl chlorides, hydrochloric acid, thiobenzoic acid, etc.f We 
now find that the phenylimidothiocarbonic esters exhibit a 
behavior intermediate between the above, inasmuch as they 
are surprisingly unreactive with both acyl chlorides and with 
organic bases; in fact, they show a wide departure from most 
compounds which contain the imido-ester grouping. 

For example, it might be expected that the compounds of 
Liebermann would react with bases, giving the pseudourea 
ethers of Stieglitz and Dains. f It was found, however, that 
aniline acts on these compounds only near its boiling-point, 
and then very slowly, and that carbanilide separates from the 
hot mixture, in crystalline form, before one-half of the mix- 
ture enters into reaction. On distilling, no pseudourea ether 
was found. 

The hydrazone of thioethyl carbonate, like the isoaniUdes in 
general, reacts with acetyl and benzoyl chloride, in the cold, 
with a violent evolution of alkyl chloride, while the com- 
pounds of Liebermann can be mixed with these chlorides 
without any evidence of reaction. Benzoyl chloride showed 
no signs of reacting with the following ester below 140°. On 
long-continued heating, above this temperature, methyl chloride 
was slowly evolved and a benzoyl derivative was obtained. 
The reaction, in all probability, took place as follows : 

IV. 
CeH,N=C<^gg» + ClCOCeH, = CeH,-N-CO.SCH, + CH3CI. 

CeH^io 

This action is probably analogous to that of hydrogen chlo- 
ride, with which reagent the phenylimidothiocarbonic esters 
react smoothly and quantitatively, like the imidothiocarbonic 
esters in general, giving thiolcarbamic esters and not, as Lie- 

* Wheeler and Johnson, Amer. Chem. Jonr., zzIt, 189. 
t Wheeler and Barnes, n>id., zziv, 60. 
I Jonr. Amer. Chem. Soc, zxi, 196. 
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bermann states, regenerating phenylsulphurethane or the thion 
derivative. This mistake of Liebermann is probably due to 
the fact that ethyl thioncarbanilate and the corresponding 
thiol compound differ by about 1^ in their melting-points, and 
may be easily mistaken for each other. However, the other 
members of these series differ more widely in their melting- 
points. The reaction with hydrogen chloride takes place with 
the formation of an addition-product, which decomposes with 
loss of alkyl chloride, as follows : 

V. 

XT yfSCaHs 






In these and similar compounds it is almost invariably the 
group attached to oxygen that is evolved as alkyl chloride, 
and a thiol ester is formed. As another example of the com- 
parative inertness of the phenylimidothiocarbonic acid group- 
ing, we may add that no reaction was observed when benzoyl 
chloride was mixed with the silver salt of methyl thioncarb- 
anilate suspended in benzene; and when the mixture was 
heated to 100°, benzanilide was obtained. 

With acetyl chloride the salt reacts in the cold. Silver 
chloride and an acetyl derivative are obtained as follows : 

^^•^>N-CS.OCH.. 

With the object of obtaining a new type of thiocarbamic 
esters, which perhaps may be called acylsulphosemicarbazidic 
esters, i. e., CeH,CONHCSN(C,H0-NHCSOR, etc., since 
they contain the sulphosemicarbazide grouping, 

-NH-CS-N-NH-,* 

* For coDTenience in naming these componnds, sulphur in the urea radical 
is termed sulpho ; when in the ester grouping, it is caUed thion or thiol ; and for 
general reference the compounds are referred to as thiosemicarbazldic esters. 
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we examined the behavior of acetyl and benzoylsulphocyan- 
ides with ethyl phenylthiocarbazinates. It was found that the 
thion ester behaves in a different manner from that of the thiol 
ester. 

When acetyl- or benzoylsulphocyanide is mixed with ethyl 
phenylthioncarbazinate, hydrogen sulphide is evolved, even in 
the cold, and compounds of a very stable nature result. The 
reaction evidently takes place first by addition, with the forma- 
tion of ethyl 6-benzoyl-&-phenylsulpho-a-thionsemicarbazidate. 
This probably takes place according to one of the two follow- 
ing schemes, and hydrogen sulphide then separates as shown 
by the dotted lines, giving ring-formed compounds which are 
either triazole (VII) or thiobiazolone derivatives (VIII) : 



VU. VIM. 




C.H,N-N CJLTS-TS 

1 iiti\ 1 m. 

CS j S 1— OOC,H, or C ACO-N=C i S 

\ M \i 
C,H,CO-NiHi SB 


COCA 



Which ring is formed depends on whether the intermediate 
addition-product has the structure of a normal (VII) or 
pseudosulpho (VIII) semicarbazidic ester. 

Freund and E(5nig* represent the action of isocyanphenyl 
chloride, OeH^NssCClf, on acylhydrazines in the same man- 
ner as thav of phosgene, the products being viewed as imidoxy- 
biazolines or compoimds analogous to Vm. The action in 
the present case might be expected to be similar. On the 
other hand, it has been shown by Marckwaldf that compounds 
of this type are not desulphurized by metallic oxides while 
our material is desulphurized by silver nitrate ; therefore, at 
present, we are inclined to represent these compounds as tria- 
zole derivatives, and assume the action to proceed as shown 
in VII. 

When acetyl- or benzoylsulphocyanide is mixed with ethyl 
phenylthiolcarbazinate, no hydrogen sulphide is evolved, but 

* Ber. d. chem. Ges., zxri, 2809. t Ibid., zzt» 8109; zzrii, 617. 
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the compounds unite directly to foim an addition-product^ 
as follows: 

IX. 
CeH^CONCS + C.H,NH-NHCO.SC,H, = 

CeH,C0NHCSN(CeH5)-NHC0.SC,H,. 

These reactions sharply distinguish the thion- from the thiol- 
carbazinic esters, and the ease with which the former give 
ring compounds seems to indicate that the thion derivatives 
have the pseudo form. However, other facts, such as special 
arrangement, must also be considered in these cases. 

That the above formation of triazole derivatives (VII) is 
probably not caused by the phenylthioncarbazinic ester having 
the pseudo form is shown by the behavior of the latter with 
phenyl isocyanate. These compounds combine directiy with- 
out giving off hydrogen sulphide, and the product has the 
composition of the expected ethyl c,&-diphenyl-{i-thionsemi- 
carbazidate : 

X. 
C,H,NCO + CeH,NH-NHCS.OC,H, = 

C,H,NHC0N(CeH3)-NHCS.0C,H,. 

That the addition takes place to the nitrogen to which the 
phenyl group is attached, and that the grouping — NHCS. 
OCjHj is present, is shown by the behavior of the compound 
with alkali and alkyl iodides. With methyl iodide and 
sodium methylate in the cold, diphenylureaimidothiobnethyl- 
ethyl carbonate, the diphenylsemicarbazone of thiolmethylethyl 
carbonate, is formed (XI) ; while under the same conditions 
ethyl iodide gives a mixture of two compounds. These are 
thioldiethylcarbonicesterdiphenylsemicarbazone analogous to 
XI and a substance, free from sulphur, which appears to be 
the ring-formed compound a-ethoxy-a'-phenylimido-/8'-phenyl- 
oxybiazoline (XII) : 

XL XIL 

O 
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The compound XII is also fonned on simply wanning the 
diphenylthionsemicarbazidic ester with sodium ethylate. 

On the other hand, with benzyl chloride the sole product 
obtained was not strictly analogous to either of the above de- 
rivatives ; it contained sulphur, and agreed in composition with 
one of the following compounds : 

xm. xrv. 
C,H,N ^N CeH,N ^N 

CO isCHjCeH, or C.H,N=(|j &.SCH,CeH, 

At present we have nothing but the properties of the com- 
pound to indicate to which of these series it belongs. The 
structure represented by formula XIII appears to be ex- 
cluded, since Marckwald * has prepared a compound of this 
type, namely, l-4-diphenyltriazolone-8-methylmercaptan (XV), 
and he has shown that this substance has decided basic prop- 
erties, that it is soluble in acids, and that it gives a platinum 
double salt. Our compound, on the other hand, has no basic 
properties whatever. The nearest known analogues of a 
compound represented by formula XIV are the phenyl- 
imidooxybiazolines prepared by Freund and Kb'nig. f The 
properties of their " n-phenyl-phenyl-phenylimidooxybiazolin " 
(o-phenyl-a'-phenylimiclo-^phenyloxybiazoline, XVI) are 
closely similar to those of our compound, inasmuch as it is 
insoluble in water and is not afEected by boiling with soda or 
hydrochloric acid, in which it is also insoluble : 

XV. XVL 
CeH,N N CeHsN N 

io (isCH, CsH,N=C C.CeH. 

Moreover, it was found that the compound free from sul- 
phur, mentioned above, has no basic properties, and therefore 

* Ber. d. chem. Ges., zxr, 3111. t Loc. cit 
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it appean that f onnalas Xn and XIV best repieseiit the 
structorB of the componndB in qnestioa. Further work on 
the stmctoie of these compoonds must be deferred to a later 
date, owing to the departure of one of ns from this laboratoiy. 

The behavior of the diphenylthionsemicaibazidic ester (X) 
with bases showed a wide deputoie from tliat of the benzoyl- 
thioncaibamic esters, since derivatives of the pseudoorea type 
were not obtained. When heated with aniline, or in fact 
when heated alone, carbanilide is the chief product. The 
properties of this type of esters are most closely related to 
those of the thioncarbanilic esters. 

When the diphenylsemicarbazones of the thiolcarbomc esters 
(XI) are treated with hydrogen chloride, a reaction similar to 
that described in the case of the phenylimidothiocarbomc esters 
takes place (V above). The compounds obtained are identical 
with those prepared by adding phenyl isocyanate to the phenyl- 
thiolcarbazinic esters, in which case again no hydrogen sulphide 
is evolved; the addition therefore takes place in a similar 
manner to that shown in X. 

In addition to the above we have investigated the action of 
some thion and thiol salts of carbonic and carbamic acids with 
ethyl chlorcarbonate, and we find that no two of these salts 
behave alike. For example. Bender's salt, to which the 
structure CsH^OCO-SK is assigned, reacts in two ways as 
follows, chiefly according to X VII : 

xvn. 
C,H,0C0.8K + CICO.OCA = C,H,OCO.OCsH, + KCl + COS. 

XVllL 

C,H,0C0.8K + C1C0.0C,H, = C,HjO.C0.8C,H, + KCl + CO,. 

The products are diethyl carbonate, diethylthiol carbonate, 
carbon oxysulphide, carbon dioxide, and potassium chloride. 

Potassium xanthate, OsHsOCS.SK, reacts with 1 molecule 
of chlorcarbonic ester in an extremely complicated manner. 
We identified the presence of five different oils in the reac- 
tion-product These were carbon disulphide, etiiyl carbonate, 
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diethyl thioncarbonate, xanthogenic ester, and Welde*8 • **di- 
sulphodicarbothionsaurediathyl ester." 

We were unable to obtaiii the sodium salt of thionethyl car- 
bonate, CaH^OCS.ONa, described by Klason-f In this respect 
our experience coincides with that of Bergreen,| whose results 
on the action of thiophosgene on sodium ethylate we are able 
to confirm. 

Ammonium dithiocarbanilate, C6HcNHCS.SNH4, gave, with 
1 molecule of chlorcarbonic ester, chiefly thiocarbanilide, 
phenylsulphocarbamide, and phenyl mustard oil; whUe the 
phenylhydrazine salt of dithiophenylcarbazinic acid, 

CeH,NH-iraCSSH.H;ei-NHCeH„ 
gave a good yield of Heller's § ethyl phenylcarbazinate. The 
latter had all the properties mentioned by Widman.] Besides 
this, an unpromising green tar was formed. 

JSxperimerUal Part. 

Methyl MethyUhMnearbanOcOe, 25>iV-OSLO(7i5rr— The 

chloride, CeH,(CHt)NCS.Cl, was prepared by the method of 
Billeter.ir In two experiments 15 g. of thiophosgene gave the 
theoretical yield of the chloride. This was added to a solution 
of sodium methylate in methyl alcohol, when a reaction took 
place at once ; it was warmed for a half hour on the water- 
bath, then treated with water, extracted with ether, and distilled 
at 19 mm. pressure, whereupon it boiled mostly from 151^ to 
152^. It was a colorless oil which did not solidify on cooling, 
and a nitrogen determination gave : 

OftlonlAted for VM.n<i 

N 7.7 7.3 

Methyl Methylearbanilate, O^H^C^CHt^NOO.OOEM, was 
formed on boilii^ the above thion ester (12 g.) with an excess 
of mercuric oxide in alcoholic solution. It was obtained as an 

• J. prakt. Chem. [2], zr, 4& t Ber. d. chem. Ges., zx, 2384. 

\ Ibid., xzi, 346. S Ann. Chem. (Liebig), ccbdii, 278. 

Ber. d. chem. Ges., xzTiii, 1027. t Ibid, zx, 1681. 
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oil which distilled for the most part from IIT"" to IW at 
16 mm. pressure, and a nitrogen determination gave: 

N 8.48 8.71 

Ethyl MethylthionearbanUatej 0.ff^{ CH^^NCS. OCtH^. — 
This was prepiured from the above chloride in the same man- 
ner as the methyl ester. It formed a colorless oil which boiled 
mostly from 145° to 150° at 18 mm. pressure. It refused to 
solidify, and a nitrogen determination gave : 

Calculated for «_.wi 

CuAjMOS. "™^ 

N 7.1 6.9 

It may be boiled with concentrated hydrochloric acid with- 
out change. 

Methyl N'EthylikUmearbanilaU, Ctffi{OtHi)NOS.OCEi.-- 
This compound was prepared in the same manner as the cor- 
responding ethyl ester.* The crude product was obtained as 
an oil which was distilled at 18 mm. pressure, whereupon the 
most of the material boiled from 148° to 149°. It then solidi- 
fied and, on crystallizing from petroleum ether, beautiful, 
colorless, five-sided plates separated, melting from 41° to 42''. 
A nitrogen determination gave: 

Calculated for «m«^ 

Ca»H„N08. '"™** 

N 7.17 7.50 

Methyl Methylthiolcarbanilate, C^H^{CH^)NOO.SCHn. — 
This compound is easily obtained when the thion ester is 
heated with methyl iodide for four hours from 103° to 106°. 
On cooling, a smaU amount of crystalline material separates, 
which appears to be trimethylphenylammonium iodide. The 
rest of the product, when distilled at 16 mm. pressure, boils 
for the most part from 140° to 142°. The material then 
soHdifies, and when crystallized from alcohol, in which it is 
readily soluble, it melts at 46^. It forms colorless plates 
which, on analysis, gave: 

« Billeter and Strohl, Ber. d. chem. Ges., zxi, 101 
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Oaloolated f or wmm^i 

N 7.77 7.38 

This ester has been obtained in another manner by Ber- 
tram.* He states that it melts at 54"*. Our material was free 
from the thion ester, since it was not desulphurized on boiling 
with mercuric oxide. 

Ethyl N-MethyltUolearhanaate^ CtEt{CHt^NCO.SCtn^.~ 
The thion ester was heated in a closed tube for a number of 
hours at 100° with ethyl iodide ; then, on distilling, an oil was 
obtained which boiled from leO'' to 168° at 19 mm. pressure. 
On cooling, this solidified and melted at about 12°-18°. A 
nitrogen determination gave: 

CaloolAted for »n...j 

CioHuNOB. '"™*- 

N 7.17 7.38 

Methyl N-Ethylthiolearhanilate, CtHi(^C^i)NC0SOH^.— 
This was obtcdned as an oil by heating the thion ester with 
methyl iodide. It boiled from 148° to 149° at 17 mm. pressure, 
and it did not solidify on cooling. A nitrogen determination 
gave results agreeing with the calculated. The record of this 
determination is lost. It was free from the thion ester, since 
it was not desulphurized by boiling in alcoholic solution with 
mercuric oxide. 

Ethyl N'DimethyUhioncarhamate, ( OBt)tNOS. OCtH^. — The 
action of alcoholic dimethylamine was tried on xanthogenic 
ester in order to see if the action in the case of aliphatic 
amines is the same as that of anmionia and phenylhydrazine. 
It was found that these substances react less smoothly than 
when ammonia is used. In the present case, after the above 
mixture was allowed to stand about two weeks, the product 
was an oil which distilled, for the most part, at 208°-205°. A 
nitrogen determination indicated the presence of xanthogenic 
ester. The material was then treated with alcoholic potash 
and allowed to stand for twenty-four hours, whereupon, on 

• Ber. d. chem. Ges., zzr, 68. 
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distilling, it boiled from 205^ to 206'', and a nitrogen deter- 
mination gave 9.1 per cent of nitrogen instead of 10.5. 

Diamylamine reacted even less smoothly with xanthogenic 
ester. When these substances were mixed and allowed to 
stand for four or five days, then heated for some time on the 
steam-bath, mercaptan was given off, but the product, when 
distilled, gave no constant boiling-point. 

Dimethyl Phenylimidothiolcarhonate^ O^E^N=zO<Qg^.— 

This was prepared by treating methyl thioncarbanilate in 
methyl alcohol with sodium methylate and metiiyl iodide. 
On distilling, the product boiled at 183^ at 17 mm. pressure 
and was a yellow oil with a peculiar odor. When this was 
treated with hydrogen chloride in solution in benzene, no pre- 
cipitate was obtained, the solution evolved heat, and methyl 
chloride escaped. On evaporation, an oil was obtained which 
solidified to a mass of colorless crystals, and when crystallized 
from petroleum ether, fine, long needles were obtained, melt- 
ing from 88** to 84**. This material was identical in every re- 
spect with methyl thtolcarbanUaU, CaH,NHCO.SCH,. The 
thion ester melts at 9V.* 

When the above imidothiolcarbonic ester was heated with 
aniline in an oil-bath at 180** -190° for several hours, carbanilide 
crystallized out from the hot mixture. The heating was then 
stopped and the mass filtered and the oil distilled at 17 mm. 
pressure, whereupon about one-half of the product boiled from 
82** to 181**, and the remainder from 131** to 140**. It follows 
from this that littie or no methylisocarbanilide was present, 
since the isourea ethers boil near 200"* at the above pressure.! 
On heating this carbonic ester derivative with diisobutylamine 
for several hours in an oU-bath from 145** to 150® no effer^ 
vescence took place and littie or no mercaptan was evolved. 
This deportment with bases is in striking contrast with the 
behavior of the benzoylimidothiocarbonic acid derivatives 
which readily react at a much lower temperature.^ 

« Orndorfl and Richmond, Amer. Chem. Jonr., zxii, 402. 

t Stieglits, also Dains, loc. cit 

X Wheeler and Johnson, Amer. Chem. Jour., loc. dt. 
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Methyl Benzoi/Uhiolearbanilate, C^H^C0[C^H^N'-C08CH^. 
— On mixing 2 g. of the above dimethyl carbonate with 1 
molecular proportion of benzoyl chloride and heating, no ac- 
tion was observed below 140°. At this temperature methyl 
chloride was evolved, and on maintaining the bath at 150° for 
several hours a slow evolution of gas was noticed. On cool- 
ing and crystallizing the residue from petroleum ether, well- 
crystallized needles or prisms were obtained, melting at about 
98°. When this was mixed with methyl thioncarbanilate 
(melting-pointy 97°), the mixture melted at about 88''. A 
nitrogen determination gave: 

Calculated for m,...^ 

C„H„NO,B. ^fmaA. 

N 5.16 6.76 

That this material is a benzoyl derivative was shown by 
warming it with aniline on the wateivbath, when benzanilide 
was obtained. 

When dimethylphenylimidothiol carbonate was mixed with 
acetyl chloride, no action whatever was observed, while the 
analogous ethylphenylimido-f ormate, CeH^NsKDHOCsHf reacts 
violently with acetyl chloride.* 

Methyl AcetylthiancarbanUate, CH^CO.{C^^)NCS.OCH^.— 
The silver salt of methyl thioncarbanilate was prepared in the 
usual way by means of sodium hydrate and alcoholic silver 
nitrate. It forms an amorphous gray precipitate. When this 
(17 g.), after drying, was treated with acetyl chloride in 
benzene, a reaction took place in the cold, and on evaporating 
the benzene and crystallizing the residue from dilute alcohol, 
colorless crystals separated, melting at 47°-49°. A nitrogen 
determination gave : 

Oakmlatod for w^,,* 

C«;HuHO,B. '""^ 

N 6.69 &71 

The material was desulphurized on boiling in alcoholic solu- 
tion with mercuric oxide, showing the presence of the thion 

« Wheeler and Walden, Amer. Chem. Joor., xix, 184. 
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group. When this compound was warmed with aniline, it 
gave methyl thioncarbanilate and acetanilide. 

SCmff 

Diethyl Phenylimidothiolcarbonate^ C^H^N=C< qq^^* — We 

prepared this ester according to the directions of Liebermann,* 
except that alcoholic solutions were used instead of aqueous, 
as otherwise it frequently happens that a product is obtained 
which is completely decomposed when distilled. This ester 
was found to boil from 157° to 160° at 21 mm. pressure. 

When this oil was treated with hydrogen chloride in benr 
zene, no precipitate was obtained. On evaporating and crys- 
tallizing the residue from dilute alcohol, needles separated 
which melted at about 69°. That this material was ethyl 
thiolcarbanilate, and not the thion compound, was shown by 
nnxing a portion with each of these substances. When mixed 
with the thiol ester melting from 69° to 70°, the mixture melted 
unaltered at the same temperature; when mixed with the 
thion ester melting at about 71°, it melted below 60°. 

Phenylimidothiolisoamyletkylcarbonate^ C^ffgN=:C< qO H^' — 
This oil was prepared by Mr. T. B. Johnson in order to com- 
pare its behavior towards hydrogen chloride with that of 

SC H 

the analogous compound, CjH3C0N=C <qq* jj", which latter 

gives a thion and not the thiol ester. The oil was made by 
treating the sodium salt of ethyl thioncarbanilate in alcohol 
with amyl bromide. When the mixture no longer gave an 
alkaline reaction, water was added, and the product extracted 
with ether. On attempting to distil the oil under reduced 
pressure, it decomposed. A portion of the crude material was 
saturated in benzene with hydrogen chloride, whereupon, on 
evaporating and crystallizing the residue from alcohol, long, 
colorless needles were obtained which melted at 66° and had 
all the properties of isoamyl thiolcarbanilate. 

Action of Acetyl rhodanide on Ethyl Phenylthioncarlazinate. — 
2 g. of the latter and 1 g. of the former were mixed 

• Ann. Chem. (Liebig), cerii, 160. 
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together and gently warmed, whereupon hydrogen sulphide 
was evolved ; when this ceased and tJie product was crystal- 
lized from 95 per cent alcohol, bunches of colorless needles 
separated, which melted at 93°-94''. A nitrogen determina- 
tion gave the following result: 

Calenlatod for «».^ 

CuH,»N,OJI. ^^'"^ 

N 15.96 16.64 

For reasons stated in the introduction, this product is in all 
probability l-phenyl-S-ethoxy-i-acetyl-Snsulphotriazolone. 

Action of Bemoylrhodanide on Ethyl Phenylthioncarbazinate. 
— 2 g. of the carbazinic ester were mixed with 1.4 g. 
of the rhodanide and warmed, after hydrogen sulphide ceased 
being evolved, the product was crystallized from alcohol, 
whereupon flattened prisms melting from 136° to 188°, were 
obtained* These, on analysis, gave: 

Oalealatod for nM.«ii 

N 12.9 12.6 

The analytical result agrees with the calculated for 1-phenyl- 
8-ethoxy-4-benzoyl-6-flulphotriazolone. This compound is 
exceedingly stable, since it was found that it can be boiled 
with hydrochloric acid, concentrated ammonia, strong potash, 
aniline ; and also with benzoyl chloride and be recovered un- 
altered. An alcoholic solution of silver nitrate desulphurizes 
it on boiling, which fact indicates that the substance is a tri- 
azole derivative and not a biazolone. 

C'AcetylsulphO'lhpJienyl'd^emicarbazidicthiolethyl Efter^ 

OHnCONH-OS^N{CtH^)'-NHCO.SC^H^, — 
When 1 g. of thiolphenylcarbazinic ethyl ester was mixed 
with 0.5 g. of acetylrhodanide in benzene solution and the 
whole was warmed, no hydrogen sulphide was noticeable. 
On standing, long prisms separated, melting at 145°. These 
were difficultly soluble in benzene, and an analysis gave: 

Omlealated f or vuhmI 

N 14.14 1428 



Digitized by 



Google 



868 DISUBSTITUTED THIONCARBAMIC ESTERS. 

When this product is heated to 160% mercaptan is eyolved. 
e-Benzoyl9ulphO'b^henyl<hsemiearb<uidiethiolethyl Usterj 

Benzoylrhodanide and ethyl thiolphenylcarbazinate readily 
combine in benzene solution. The product separates from 
benzene in colorless needles or prisms melting at 148°*150^. 
A nitrogen determination gave: 

Caloolftted for -^__j 

C„H„NABr "^"^ 

N 11.69 12.13 

«, h'lHphenyl'a'^emiearbazidicthvmethyl Ester j 

a^H^NH-CO^N{C.H^'-NHCS.OCtH^. — 
Ethyl thionphenylcarbazinate dissolves in Ihe calculated quan- 
tity of phenyl isocyanate, when the mixture is gently warmed, 
and then solidifies. On crystallizing the material then from 
alcohol, colorless prisms, melting from 114° to 115°, separate. 
Nitrogen determinations gave the following results: 

Omlenlated for FMoad. 

C,^„H,0JI. L n. 

N 13.0 13.09 13.01 

When this material was heated with aniline, carbanilide was 
obtained which was identified by its properties and also by a 
nitrogen determination. 

c^Dtphenyl-asemicarbcuidicthiolethyl Ester^ 

formed by adding phenyl isocyaoate to the thiolcarbazinic 
ester, crystallizes in small, speaivshaped plates, which are 
quite difficultly soluble in alcohol and which melt at 156°. 
A nitrogen determination gave: 

Orienhtod for aumwi 

N 13.0 13.2 

These esters are soluble in alkali and on boiling are 
decomposed. 

c, h-IHphenyl<irum%earlcuiidicth%olmethyl Ester j 

This was prepared in a similar manner to the above ethyl 
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ester in order to determine whether it could be converted into 
the " diphenylimidobiazolonyl-zirmethylsulfid " (1,4-diphenyl- 
triazolone-S-methylmercaptan) of Marckwald,* the nearest ana- 
logue of the ring-formed compounds described in this paper, 
and thus decide whether the compounds in question are 
tiiazol derivatives or thiobiazolones. Theoretically, all that is 
required is tiie removal of water from the above ester in the 
same manner as hydrogen sulphide separates in formula VII, 
but attempts to do this were without success. The ester crys- 
tallizes from alcohol in small plates, which melt at IBS'*, and 
it is identical with the compound prepared from diphenylurea- 
imidothiolmethylethyl carbonate (see below) and hydrogen 
chloride. When heated to its melting-point, it decomposes, 
slowly giving off mercaptan and phenyl isocyanate. It dis- 
solves in concentrated sulphuric acid and is precipitated un- 
altered by water. It can be boiled with acetic anhydride, 
from which it crystallizes unaltered in prisms. It is insoluble 
in concentrated boiling hydrochloric acid, but it dissolves 
readily in alkali. When the alkaline solution was boiled, an 
inflammable gas was given off and, on cooling, needles sepa- 
rated. These melted at 161° , after crystallization from alcohol, 
and were insoluble in hydrochloric acid. This was not the 
compound sought for, and therefore it was not further 
examined. 
<?, b'IHphenifl-{i-$emiearbazidicthiolbenzifl JEster^ 

Phenyl isocjranate unites readily with thiolphenylcarbazinic^ 
benzyl ester in benzene solution. The product is readily solu- 
ble in benzene and hot alcohol, difficultiy soluble in cold 
alcohol, and insoluble in water. It crystallizes in small 
bunches of flattened prisms or plates, which melt at about 
150°. A nitrogen determination gave : 

N 11.1 10.8 

* Ber. d. chem. Gtes., zzr, 8111. 
VOL. 11. — 24 
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Thiolmethyhthylcarbonieetterdiphenffhefniearbazonej 

was prepared by adding ice-cold sodium meth jlate and methyl 
iodide to the above diphenylsemicarbazidicthionethyl ester. 
After remaining in the cold for two hours the action was 
complete, whereupon water was added, and the product ex- 
tracted with ether. On crystallizing from alcohol, lozenge- 
shaped crystals were obtained which melted at 108^-109'', and 
a nitrogen determination gave : 

Cslaolstoufof ■■v.. ., 1 

N 12.7 12.6 

When this substance, dissolved in benzene, was treated 
with hydrogen chloride, ethyl chloride was evolved, and the 
above-described thiolmethyl ester, which melts at 186"^, was 
obtained. 

J^ioldiethylearbonieesterdiphenyhemiearbazonej 

was obtained when a mixture of ethyl bromide, sodium ethyl- 
ate, and the above thionsemicarbazidicethyl ester was allowed 
to stand at ordinary temperatures for several hours. On crys- 
tallizing the product from dilute alcohol, needles were ob- 
tained which melted at about 111°. The yield is poor, as 
under these conditions a compound free from sulphur is also 
formed. The compound melting at 111° gives the above- 
described ethyl thiolsemicarbazidate with hydrogen chloride, 
a reaction which easily serves to identify it. It is readily 
soluble in alcohol and benzene, difficultly in petroleum ether, 
and insoluble in water. 

a-Mhoxy-a'phenylimido-fi'-phenyloxybiazolinef 

C^H^N N 

This appears to be the compound free from sulphur that 
accompanies the above carbonic ester derivative. It was also 
obtained when 2 g. of c,5-diphenyl-a-«emicarbazidicthionethyl 
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ester was boiled in alcohol with sodium ethylate for two hours. 
Water then precipitated the compound, which crystallized in 
fine, long, slender prisms from alcohoL It melted at 86^, and 
a nitrogen determination gave: 

Oalonlatod for FMnd. 

N 14.9 14.6 

a'Benzylmereapt(Hi''phenylimidO'fi''phmyhxybiaxoUm^ 

Cff^N N 

When the above diphenylsemicarbazidicthionethyl ester is 
dissolved in aqueous alkali and warmed with benzyl chloride, 
an oil is obtained which, on cooling, solidifies. On crystalliz- 
ing from alcohol, the material separates in the form of color- 
less needles melting at 110'' -112*". This contains sulphur, 
and nitrogen determinations gave : 



Calonlatodfor 

CttH„ir.oa I. n. 

N 11.6 11.6 11.6 

This compound is insoluble in boiling water and hydro- 
chloric acid, concentrated or dilute. It is insoluble and gives 
off no mercaptan on boiling with strong potash. The prop- 
erties have nothing in common with Marckwald's 1, 4-diphenyl- 
tiiazolone-3-methylmercaptan, and therefore they indicate that 
this compound is not a tiiazol derivative. When the sub- 
stance is heated with phosphorus pentachloride, hydrogen 
chloride is evolved, indicating decomposition. 

The BeJtaviar of Bender's Salt, 0^iOCO.SKj with Ethyl 
Ohlarcarbanate. — When 55 g. of the salt were treated with 
the calculated quantity of ethyl chlorcarbonate, the latter 
being dropped slowly on the salt, an energetic reaction took 
place and carbon dioxide and carbon oxysulphide were evolved. 
The latter was identified by standing over water, when hydro- 
gen sulphide was formed. On distilling the product it boiled 
from 125** to 217** (?). The greater portion came over from 
125"" to 144'' ; this, when redistilled, gave 20 g. of oil boiling at 
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about 126^, which proved to be ethyl carbonate. The higher- 
boiling portions gave methane, carbamide, and mercaptan when 
treated with alcoholic ammonia, indicating the presence of 
thiolethyl carbonate. 

Potastium XamthaUy C^H^OCS.SK, and Ethyl CUorcar- 
banate, — When 55 g. of potassium xanthate and 87 g. of 
ethyl chlorcarbonate were allowed to react and the gas that 
was evolved was passed into alcoholic potash, no test for 
carbon oxysulphide was obtained. It appeared to consist 
entirely or, at any rate for the most part, of carbon dioxide. 
On difltilling the resulting oil, 5 g. boiling below 161'^, 81 g. 
from 161** to 181**, and 10 g. from 181^ to 186*^ were collected. 

It was found on redistilling these fractions that they boiled 
through a much wider range and that no definite boiling-point 
could be obtained. In the first portions, carbon disulphide 
(45M20^) and ethyl carbonate (126'*-180**) were identified. 
On treating portions boUing from 180^ to above 200^ with 
alcohoUc ammonia, ammoniimi sulphocyanide, ammonium 
carbonate, anmionium sulphide, and xanthogenamide were 
obtained, thus indicating the presence of thionethyl carbonate, 
xanthogenic ester, and Welde's * compound, S(CS.OCtHs),. 

Ammonium DUhioearbantlaU, O^^NSCSJSNH^j and Ethyl 
CTUorearbonate. — When the diy salt was treated with chlor- 
carbonic ester in molecular proportions, an energetic reaction 
took place, carbon oxysulphide was evolved, and a semi-solid 
residue was obtained. On treating this with alkali and warm- 
ing, little or nothing dissolved except ammonium chloride 
(absence of ethyl thioncarbanilate). The material had a 
strong odor of phenyl mustard oil, which was removed by 
treating with ether. On crystallizing from alcohol two sub- 
stances were obtained, one melting at 160^ (plates) which 
proved to be carbanilide, the other melting at 154'^ (prisms), 
which on analysis gave 18.2 per cent of nitrogen, while the 
calculated for monophenylthiourea is 18.4 per cent. 

The phenylhydrasdne salt of dithiophenyloarbaginie acid and 
ethylchlorcarbonate react in benzene solution without evolution 

*Loccit 
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of gas. On filtering from phenylhydrazine hydiochloridey 
evapoiating the benzene solution, and then ciystallizing the 
residue from a mixture of benzene and petroleum ether, color- 
less prisms were obtained which melted at 76^*77^. A nitro- 
gen determination gave: 

Oatonlrted fat «m»ji 

OAHH— SHCO,CA>H^- '^^ 

N 14.1 14.6 

The solution in sulphuric acid gave an intense red color 
with ferric chloride, the compound agreeing in properties with 
those described by Widman for ethyl phenylcarbazinate. 

New Hatw, May H 1900. 
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